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CHEMICAL QUALITY OF SURFACE WATERS IN ~DEVILS 
LAKE BASIN, NORTH DAKOTA 

By H. A. SWENSON and B. R. COLBY 

ABSTRACT 

Devils Lake basin, a closed basin in northeastern North Dakota, covers about 
3,900 square miles of land, the topography of which is morainal and of glacial 
Oflgm. In this basin lies a chain of waterways, which begins with the Sweet­
water group and extends successively through Mauvais Coulee, Devils Lake, East 
Bay Devils Lake, and East Devils Lake, to Stump Lake. In former years 
when lake levels were high, Mauvais Coulee drained the Sweetwater group and 
discharged considerable water into Devils Lake. Converging coulees also trans­
ported excess water to Stump Lake. For at least 70 years prior to 1941, Mauvais 
Coulee flowed only intermit.tently, and the levels of major lake::; in this region 
gradually declined. Devils Lake, for example, covered an area of about 90,000 
acres in 1867 but. had shrunk to approximately 6,.500 acres by 1941. 

Plans to restore the recreational appeal of Devils Lake propose the dilution 
and eventual displacement of the brackish lake water by fresh water that would 
be diverted from the Missouri River. Freshening of the lake water would permit 
rest,ocking Devils Lake with fish. 

Devils and Stump Lake have irregular outlines and numerous windings and 
have been described as lying in the valley of a preglacial river, the maiu stem and 

- tributaries of which are partly filled with drift. Prominent morainal hills along 
the south shore of Devils Lake contrast sharply with level farmland to t.he north. 

The mean annual temperature of Devils Lake basin ranges between 36° and 
42° F. Summer t.emperatures above 100° F and winter temperatures below 
-300 F are not uncommon. The annual precipitation for 77 years at the city of 
Devils Lake averaged 17.5 inches. Usually, from 75 t.o 80 percent of the pre­
cipitation in the ba"in falls during the growing season, April to September. 

From 1867 to 1941 the net fall of the water surface of Devils Lake was about 
38 feet. By 1951 the surface had risen fully 14 feet from its lowest altit.ude, 
1,400.9 feet. Since 1951, the level has fallen slowly. Hydrologic changes t,hat 
may have caused Devils Lake to alter from a very large, moderately deep lake of 
fresh water to a small, shallow body of brackish wat.er are discussed and evaluated 
on the basis of scanty information. During several years of average precipitation, 
temperature, and evaporat.ion, Devils Lake and lakes upst.ream should receive 
nearly a quarter of an inch of runoff annually from the drainage area of about 
3,000 square miles. Approximately 55 square miles of t.ributary area would be 
required to maintain each square mile of lake surface. However, runoff, ex­
pressed as percentage of the average, differs greatly from year to year. The 
amount of runoff retained in upst.ream lakes also varies greatly. For these two 
reasons, annual inflow to Devils Lake is extremely variable. 

Because many waterways in this basin have no surface outlets at normal stages, 
runoff collects in depressions. is concentrated by evaporation, and forms saline 
or alkaline lakes. The chemical and physical properties of the lake waters vary 
chiefly with changes in lake stage and volume of inflow. Scattered records from 
1899 to 1923 and more comprehensive data from 1948 to 1952 show a range of 
salt concentration from 6,130 to 25,000 parts per million (ppm) in the water of 

1 



2 CHEMICAL QUALITY OF SURFACE W ATERS, DEVILS LAKE BASIN 

Devils La e. Althou yh c ncentration has varied, the chemical compo it} n of 
the di olved s lids has not chang d appreciably. Lake waters are more con­
centrated in the lower part of the basin, downstr 'am from Devlls Lake. F OT 

periods of record the salt con centration ranged from 14,932 to 62,000 ppm in 
East Devils Lake and from 19,000 to 106,000 ppm in east Stump Lak . 

Current and pa t tonnages of dissolved bolids in Devils Lake, East Bay Devils 
Lake, East Devils Lake, and east and west I tump Lakes were computed from 
concentrat,ions and from altitude- apacity curve for each la e. Neither the 
average rate of diversion of water to restore Devils Lake to a higher 1 ·v 1 or 
the quality of th diverted water is definitely known; co q uently, three d iff rent 
assumptions of rates of diversion to Devils Lake ann concentrations of dissolved 
olids in t he divert dater were made to estima te concentrations in he restor ed 

lakes . Quantiti s of salts that I 'gIlt be redissolved as lake water i r pleni ed, 
natural inno " and evaporation from the lakes were all computed or stimated. 
Probable minimum and maximum concentrations of dis olved solids were c m­
put d for eaeh lake on the basis of r storation of lake level to 1,425 feet. om­
put d pro able minimu and maximum co cen trations when the lakes fir t r a h 
thi elevation are 3,600 and 4,60 p pn for Devils Lake and 10,500 and 15, 00 pm 
for t ump Lake. Computed cone ntrations to b eventually rea ch d ar 60 to 
1,05 J pm f r Devil La,ke and 600 to 1,500 ppm for. tump Lake. T he di. lv-ed 
solids in all th la CR might total a much as 8 mHlion ns but probably not Ie s 
than 5.4 I illion t 11 b. t 1e ime the last of these lakes had b n ra i ' to ,425 
f et b ut he rc water wa released into the Shcyenn River. Curyes applicable 
onl 7 if t he lak do not become str atified (v 'tical mixin inc mpl t e) were 
pr pared t o i di at the rate of di u ,ion in each lil.k for t h e thr clifferent as­
s mption' of di ert d inflow to De 'it. Lake. 11 . C lrv s 1 " t a, the co 
tr tion of di ' ohTe olids in the ut fiow from a eh lake ; for u rn 
cur es in i t t,he coneentra 'on of Iv s lid f 1 (low t It yo nne 
Ri ver. omput ed w re he larg q anti i s of wat r required in t he Sl yenne 

iver t dilute t tal rable con ntration the first year f outflow from tump 
Lake. 

1 .J: :rTR OD "'0 10 :r 

e line in Ie eI of D c 1 Lak in no theasiern 
n a nlatt r of co cern. Thi lal- , Lhe large t 

D a} ota, as one the principal at traction f the rno t 
popular r e rt, ar a in th Stat . In 1 67 Devils Lal­ in Iud d sev­
eral bay that hay since drie u come de ac cd lakes. At 
that time total lak t' surface co ere bout 90,000 acres, but by 
1940 th e lake had shrunk t shallow 0 of t gnant, hI' c 'sh 
water covering 6, 0 a, res (North D a'" fi, 1944 , p. 23). Where pike 
and t 'e 'hle fish had once abounded, neither food nor gan e fish 
has existed for nlany y aI's. 

A plan of the D partnlent of the In erior for the ons r ati n, 
co tr , and us , of water resources in the Nlissou ·i River Basin h 
been d s ribed in United States Senate D ocunlent 191 (1 44) . In­
cluded in the contelllplat d utilization of the basin \ atel'S to sLabiliz 
agriculture and the genera.! economy are propo als to restore D vils 
Lake to a higher 1 vel by di ersion of IIi.sOLU'i Riy r wat r. The 
proposed div Tsion fronl the Missouri RiYer to D viIs Lak · would 
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not be direct, I d th . quality of the water that eventually 111iO'ht 
;l'each Devils Lal- woul be lowered y usc for irrigation and by 
evaporation in reservoirs. These proposals W Te subsequently 
alt r .d to cont m lato diversi n of ,vater fronl Garri~ 11 R eservoir, 
at present un d('I' onsb'u, tion (U. S. Bur. of Reclamation, 195 ). 

Prompted by t earlier tentative proposals, tIt G ' logical \-' urvey 
in late 1948 began a study of quality-of-water probl . ,in th Devils 
Lak area. Obviously, the prelinlinary planning f r l' viving e 
r c at i nal use of Devil Lake r equires ccrt in h II' logic informa­
t ion . This inforInation i eludes : the present salt nc 'ntrat i n and 
propcrtie" of the lake waters, the e t ent to whi 11 th al in it. T of the 
waters could be I:t\duced by inIlow of fresh watcr frolll o ltsidc th e 
hU"'in, th OlunlO of inflow and outflow that would b reo eel t o 
maintain tol ruble sal one 1 tl'atiolls, t el prop rti ~ of the infiow­
wat .1.' . 

TIlis rep rt SUl1lID r izes th e in r sLigatio11 

SUJ.'v y of th qu litv f \ ater in th D il Lak 

bel' 194 0 D ember 1952 . Th stud. W ' nUld general 
directi n of S. IC Lo e and under th ~ ilnln ~ c1 i atle supervision of P. C. 
Benedict. Re ords of lak. I y Is for Devils Lake and unpubli hed 
str all1flow nleaSill'enlents for ~ilauvais C ulee W 1'e f r IllS d by 
H. l'vI. El kine. 

A ·knowlcdgillonts nrc Ina to H. F. I\rIo~baugh, huirman, 
Interior 1-lissouri Basin Field Comnlittee, and R. L. B i1gw 11, of the 
U. S. F ish and 'Vildlife Sm'vict\, for th ir oop ration nnd a.ssi -;t n 
d uring the investiga,tion. :LvI lly r esidents of th cit T f Devils 
Lak .. offered helpful inforrnation coneerning lak s in the I' (rj nand 
otl erwise assisted in the study. C. lV1. Gon or furnish d i.L f rmation 
on arly lake history, and E. A. Th nlpson provi cd n. 1 at and 
outboard n1 t.or for the colI tion of nlany water sa pI s. . A. 
Abbott, of the Uni rsit of North D akota, luad helpful co ribu­
tions and suO'g stions eOIlccrning the chenli , try of D vil L nJ-e at r. 

A progress report released to the open files during 0 , b . 1950 
und .1' the title, " Cl emical character of surface waters in th D evil 
Lake basin, Nor th Da.kota," sUll1marized resul t.hat woro obtained 
frolll the eginning f h e investigation to th e end of J une 1949. 

The presen t r p rt includes the asi data. in tIt progr s I' port 
and other data not previoust released. 

DEV S LAK E D R AINAG E BAS I N 

Devils Lake basin, a large clos d dra.ina~e n.ren. in north . tern 
K rth Da ~ ta, ext ·.nds fr0111 tho south -1'11 slopes of tIl T urtl. ·10 11­

t a illS and tIl 1 Canadian boundary to a series of pronlincnt, 1 ills that 
Ii b tween Devils Lake and the Sheyenne River. (See pI. 1.) In 
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describing the extent of the basin, Simpson (1929, p. 9) points out 
that although the eastern and western boundaries are indistinct , 
the area of the entire basin was estiluated a,s about 3,500 square luiles. 
According to the U. S. Geological Survey (19:32), the area in the 
closed basin is 3,940 square nliles. However, only about 3,000 
square miles of this area is tributary to Devils Lake; nearly 1,000 
square miles is tributary to East D viIs and Stunlp Lakes. Devils 
Lake and the snlaller adjacent lakes comprise only a small fraction 
of Devils Lake drainage basin. The city of Devils Lake is about v 

nliles north of the nearest shore of the lake. Lakota, in Nelson 
County, and ~1ilmewaukan, in Benson County, are ilnportant towns 
in the basin. 

The city of Devils Lake, the county seat of Ranlsey County, was 
fOrInerly a tourist center but is now an agricultw'al and trading 
conllllunity. 

Prior to the general decline in lake levels in this region, :Nlauvai 
Coulee drained the Sweetwater group of lakos and discharged con­
siderable water into Devils Lake; several converging coulees trans­
ported xcess water to Stump Lake in the lower end of the basin. 
During the decline in lake levels, flow in 1!fnuvais Coulee has been 
intermit tent and largely in response to spring snowlnelt or exce si e 
pre ip· taLion . In L 49 and 1950 ~'fauvais Coulee, the larg s t drain­
age line in the SystClu, had substantial flO\v (pI. 2) . 

The inflow of surfac runoff to Devils Lak frorn marginal lands 
is slllall and very irregular. imp on (1912, p. 11.5) stat d that 
comparativ Iy littl d o v entered the lake ns surfn inflow fro 
nlarginal la lds b cause of the nloraina! chara ter of the topograph ; 
he n en -lolled the m any uncha: ed depr 'ons that are c 1I1Illon in 
the adjacent hills and prairies. Ho\ r , Silnps n may have und ­
estiInat d the run ff from th area , as onsi 1 rabl dr in age en ters 
the lak a.1o g th northw ,st part f W st Bay. 

Both D viIs and Stump Lal- s probably Tec ive 80m ground-water 
inflow frOll1 the glacial drift of the large drainage basin. Ground 
wat moves slo ;vly downslope fronl tl no th Llu'ough the 10 el' 
sandy lenses of the drift that overlies th Pierre shale. 

The Devils L ake-Stump Lake chain of lakes has no surface outlet 
below an altitude of about 1,460 feet and lies in a cIo ed basin. \, ince 
the b ginning of record _d obser a tions, th escape of water from th 
lak -s probably has been entirely or alnlOst entirely by vaporation. 
Outflow in the form of ground ,vater is unlikely, because the ground­
water level around the lakes is generally higher than the lake surfa es 
and because the lakebeds seem to be nearly ilnpermea,ble. ~1a.ny 

years ago Stump Lake overflowed into the Sheyenne River n ar the 
present t.own of Tolna. 





\\ A'l'blt :-it I'I']~ Y l'.\l'I!:U 1211;' f'T.Arrl~ J 

LAKE LEYET.:" . IH:\II.S L\I\.P: 1,\ n\ ~ "'(;1I0 r\,J) , 1919. (I'1",lngru"IIIJ J. \1. Sill" .) 
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PHYSIOGRAPHY AND DRAINAGE 

The topographic fornls and the basin itself are of glacial origm. 
The drainage channels are inlperfectly developed because the gra­
dients are slight, the land surface is irregular, and the runoff is low. 
Kettle holes and other allow depres ions dot the landscape and in 
the spring are partly filled with water. Devils and Stun1p Lak s have 
irregular ou tlines and long bays or arms and are consi ered b 
Uphan1 (1895, p. 170-171) to lie in the valley of 11 preglacial river, 
which, with its tributari s, is partly filled with drift. Along the 
south shore of Devils Lake is an unbroken ridge of prominent and 
typical nlOrainal hills that are in strong contrast to the level farmland 
north of the lake. As Devils Lake receded, several smaller lakes 
formed; springs fceding TIle of thes small I' lakes help to k p them 
fresh. The physiography of the Devils and StUll1P Lak s region has 
been thoroughly discllssed by Sin1pson (1912, p. 105-157). 

CLIMATE 

The mean annual telnperature of Devils Lake basin ranges betw n 
36 0 and 42° F. 11axin1UIll and mininlum temperatures i a 0 

1000 F and b I w -30° F ar not unusual. January, with mean 
ten1per t r , slightly hove zero, is th colde t lilonth. July i 
the warn1('S mo th; the Inf'an temperature is about 67° F , an August 
is onl a out 2° cool r . The nlon hI T mean tenlpera tu es by years 
at the U. . Weather ur au "- t ation i the city f D evils Lake ar 
sh n in fiO"ul'e 1 for th 4-yoar period ending Septomber 30, 1952. 
The averaO'o tenl per turos by months for the 48-year period of 
reco 'd are Iso shown. 

:NIost of the PI' cipit,ation occurs during the summer mo ths, 
generally s thunders orins f clo dbur t intensiti . In most 
years som par of h basin I' c ives . I' infall f as much as 2 to 3 
inches in 24 hour ~, and fron1 5 to 6 inches of rain! II in 24 0 has 
been measlu·ecl. At the cit T of Devils Lake the a TIL I precipitation 
for 77 yea,rs (1870-·90, 1897-1952) av ragodCi!.5 inch . . Usually, 
fron1 75 to 80 percent of the a rage annual pI' cipitation falls during 
tho gr . 'ng s a on, April to 'ptember. AlnlOst 50 perc nt falls 
during the 3-m n th period-1 tI ay, June, and July. The average 
precipitation for the driest months-November, December, January, 
and February-is about 0.5 inch each. (See fig. 2.) 

The average annual snowfall is slightly more than 30 inches. 
Although first light snow n1ay faU in Septemb 1', usually v ry little 
snow falls even in Oct.ober. The greatest amount of snow falls 
during 11arch, and light snows often occur during May. 
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During all months of th year the prevailing wind is frOl11 the 
northwest. ou therly 'nds occur more often dm ing the SUmlllel' 
than during the winter. The average annual wind v 10 ity for the 
basin is about 10 nliles per hour, and the wind movenlent is great est 
in the spring and least during August. 
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The relative humidity averages nearly 78 percent throughout the 
basin, however, it is frequently very low during the summer--at 
times below 25 pereent. 
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TRANSPORTATION 

The transcontinental Great Northern Railroad crosses the basin in 
an east-west direction, and branch lines of the l\tfinneapolis, St. Paul, 
and Sault Sainte ~1m'ie Railroad also enter the region. A branch 
line of the Great Northern Railroad operates north and south from 
the city of Devils Lake; in general, north and south transportation 
facilities are limited. Paved highways cross the basin east and west 
and to a less extent, north and south. 

RECREATION 

Devils Lake, the largest natural lake in North Dakota, was once 
a well-known recreational ceDter and considered the lllOst attract.ive 
sumnlCr resort site in the State. As Devils Lake receded, the recre­
ational use of the lake deteriorated. In the early 1880's record 
catches of pike were reported, and carload shipments of fish from 
Devils Lake were not uncommon. For over 60 years no species of 
food or game fish has been authoritatively report.ed to be in the lake. 

FLUCTUATIONS OF DEVILS LAKE 

Interest in the recent history of Devils Lake centers ill its fluctu­
ation and decline. Upham (1895, p. 595) thought that the lake alti­
tude was 1,441 feet (reduced to datum of 1929) above mean sea level 
in about 1830. This is 40 feet above the lowest known stage, which 
was reported during 1940. Early residents recall the tilne when the 
lake water was at the limits of the city of Devils Lake; now, in 1953, 
the nearest lakeshore is about 3 lniles fronl the city linlits. A few 
nliles south of the city of Devils Lake, along State Route 57, is a 
wooden marker (pI. 3) on which lake altitudes for sonle earlier years 
are indicated. Occasional but well-authenticated records of lake 
levels are available beginning in 1867. Records of the water surface 
altitudes of Devils Lake are listed in table 1 and shown graphically 
in figure 3. Except for minor fluctuations, the lake level declined 
during the period of record prior to 1940. Since 1940, the level has 
been generally rising. 

Reasons for the overall decline of Devils Lake havo been discussed 
for many years. One commonly suggested reason (Horton and 
others, 1910; U. S. Public Health Service, 1952) is that the increase 
in tillage of farmland in the re ion has decreased the runoff fronl the 
area tributary to the lake; however, no tenable relationship has been 
definitely established. Another reason frequently mentioned is that 
the general lowering of the water table has caused the lake level to 
fall. The water table probably has fluctuated sOlllmvhat in accord­
ance with the changes in lake level, because changes in runoff have 
affected both surface-water and ground-water altitudes. Perhaps 
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TABLE 1.-R eported maximum and minimuJn observed altitudes of Devils Lak~ 

[Referred to datum of 1929] 

I MaximumYear 

1867_______ -- II1879 _____ __ _ _ 
1883 ________ _ 
1887________ _ 
1890 _____ ~ __ _ 

1896 _______ _ _ 
190L 
1902 
1903 
1904 

1905 
1906 
1907 
1908 
1909 

1910 
1911 
1912 
1913 
1914 

1915 
1916 
1917 
1918 
1919 

1920 

_______ --I 

192L _______ _ 
1922 ________ _ 
1923 ________ _ 

I Minimum 

1 1,438.3 
1,434. 6 
1, 434. 4 
1,427. 0 
1,424. 6 

1,424. 6 
1,424.0 
1,425. 8 
1,424.8 
1,425.0 

1,425.2 
1,424.6 
1, 424. 2 
1,423.4 
1,422.6 

1,421. 4 
1,420.4 
1,421. 4 
1,421. 8 
1,420.6 

1,419. 2 
1, 419. 6 
1,418.8 
1,417.4 

1,423. 2 
1,424.6 
1,423.4 
1, 424. 2 

1,424. 2 
I 	 1, 423. 2 

1,423.0 
1,421. 8 
1,421. 6 

1,420.2 
1,420.2 
1,420.4 
1,420. 4 
1, 419. 6 

1, 418. 4 
1,418.6 
1, 417. 2 
1, 416. 4 

1, 418. 0 
I

1,417.6 1, 416. 2 
1, 416. 7 I 1,416. 6 

1,417. 2 
1, 416. 3 

- Year11924 _________ 
1925 _________

I, 1926 _________ 
1927 _____ ____ 
1928______ ___ 

1929 _______ __ 
1930 __ ___ ____ 
193 L ________ 
1932 _______ __ 
1933 _________ 

193L _______ _ 
1935 ____ _____ 
1936_________ 
1937 _________ 
1938 _________ 

1939 ____ _____ 
1940 _________ 
194L ________ 
1942 _________ I 

1943 ___ ______ 

1944______ ___ 
1945 _____ ____ 
1946 ___ __ ____ 

1941- --- _-- --I1948 _________ 

1949 _______ __ 
1950 _________ I 
195 L ________ 
1952 _________ 

Maximum I Minimum 

1, 416. 2 
1,414.8 
1,413.7 
1,413. 6 
1,412. 8 

1, 412. 2 
1,411. 4 
1,411. 4 
1,410.9 
1, 410. 2 

1,408.3 
1,406.9 
1,406.7 
1, 404. 3 
1, 403. 4 

1,402.7 
1,402. 3 
1, 402. 8 
1,404. 5 
1,404.7 

1, 404. 0 
1,404. 7 
1,405.0 
1,403. 6 
1, 405. 2 

1,407.2 
1, 415. 0 
1, 415. 5 
1,414. 5 

1,411. 3 
1,411. 0 
1,410.0 
1,409.4 
1,408.2 

1,406.5 
1,406. 1 
1,404.5 
1,403.2 
1, 402. 1 

1, 401. 5 
1, 400. 9 
1,402.2 
1, 404. 0 
1,403.4 

1,403.0 
1,403.5 
1, 403. 3 
1,403.0 
1,404. 2 

1,405.6 
1, 406. 6 
1,414.3 
1, 412. 5 

I A centered number is for a single observation during the year. 

climatic change is a more logical reason for the general decline in the 
level of Devils Lake. However, before the possible effects of clilllatic 
change can be even approxinlately evaluated, sonle phases of the 
hydrology of the area must be considered. 

HYDROLOGY 

Statements in this section on hydrology are founded on inconlplete 
basic information and on maps that are inadequate for nluch of the 
Devils Lake basin and should be considered u.s only approxirnu.tions 
of the hydrologic prOCt~SSOS. 

Ground-water inflow and changes in ground-water storage have 
generally been disregarded, partly because ground-water movcrncnt 
is slow in much of Devils Lake basin and partly because information 
on ground-water lllovenlents at the shores of Devils Lake does not 
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year. 

seeIll to be available. In the cOlllputation of inflow to Devils Lake 
by years, the assunlptioll was made that changes in bank storage 
would amount to 5 percent of the changes in capaeity of the lake. 

Precipitat'ion.-Precipitation at Devils Lake averages about 17.5 
inehcs alillually, but the precipitation -since 1930 has been slightly 
below average. Figures 4 and 5 show annual precipitation and average 
monthly precipitation, respectively. 

Evaporation.--Evaporation frolll a Class A Weather Bureau land 
pan at Devils Lake would be a,bout 42 inches per year according to a 
map that has been prepa.red by R. E. Horton (1943). Evaporation 
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fronl the surfaces of the relatively shallovv lakt's in the Devils .Lake 
area probably averages at len.st 70 percent of the evn.poration frOln a 
Class A pan. Thus, the average annun.l evn.poration from a lake 
surface in the Devils .Lake basin is estinln.ted to he 30 inches per 

326053-55---2 
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yea,r. The average evaporation exceeds the average annual pre­
eipitation by 12.5 inches or about 670 acre-feet per square mile of 
lake surface per year. 

Obviously, the annual evaporation during luany ye,ars will differ 
somewhat fronl the average. Seasonal (April through Septenloer) 
evaporation records from Bureau of Plant Industry pans were used 
to compute evaporation fronl Devils Lake by water years. For 
each water year fronl 1930 to 1952, inclusive, the seasonal evaporation 
-at Dickinson, N. Dak., was expressed as a ratio to the 46-year average, 
and the seasonal evaporation at Nfandan, N. Dale, was expressed 
as a ratio to its 39-year average. The ratios for the 2 sites were 
averaged, and tl.le 30 inches (average evaporation) was nnIltiplied 
by the average ratio to cOlnpute the estimated gross evaporation 
from Devils Lake for each water year. The estimates of gross 
annual evaporation from Devils Lake fronl 1930 to 1952 are shown 
by water years in the ninth eolumn of table 2. They range from 
22.8 inches in 1942 to 43.8 inches in 1936 and ave,rage 30.7 inches. 

Runo.ff.- The drainage area of the Sheyenne River upstream from 
the gaging stat·ion at Sheyenne, N. Dak., is similar in topography, 
vegetation, soils, and climate to the drainage area that contributes 
runoff to Devils Lake, so that the runoff fronl the two areas should 
be sonlewhat comparable. Both areas contain Illany ponds and lakes. 
Runoff from these two areas is low and variable. Annual depths of 
runoff of the Sheyenne River at Sheyenne and also at "Vest Fargo, 
N. Dak., where a reasonably long and continuous record is available; 
are plotted on figure 6. Runoff from the area above the gaging sta­
tion at Sheyenne for some years of low runoff was estinlated by com­
parison with records at "Vest Fargo. Average depth of annuall'unoff 
upstreanl fronl Sheyenne during a 22-year period that ended SepteIll­
bel' 30, 1951, ranged from 0.02 to 1.22 inches and averaged 0.23 ineh. 
Runoff was below this average for about two-thirds of the 22 years. 
Beeause precipitation averaged lower and tenlperatures averaged 
higher during the 22-year period than during the longer periods of 
climatological records (figs. 7 and 10), average annual runoff during 
the past 40 or 50 years may have been higher than 0.23 inch. If the 
depth of runoff for the water year 1950 had been excluded, the eom­
puted average annual runoff would have been reduced to 0.18 ineh. 

Runoff in the Sheyenne River basin, and presumably in the Devils 
Lake basin also, shows little relation to annual precipitation. (See 
fig. 7.) The nIDoff is derived alnlOst entirely fronl snownlelt and 
spring rains. Howevf'r, b cause of water storage in upstream lakes, 
the inflow t,O Devils Lake during wet years nlay continue throughout 
the sunlmer through drainage from the Sweetwater chain of lakes. 
Precipitation in the basin during the sumnler and early fall produces 
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littl r unoff, but precipitation onlake surfaces helps to lnaintain thelnke 
level~. Farnl practices Inay have no great effect on the runoff of the 
8h yenn and Devils Lake basins because nlOst of the runoff is gener­
ated either during the period when the ground is frozen 01' immediately 
after the ground thaws in the spring. 

For a set anlOunt of annual precipitation, runoff tends to be greater 
durin years when temperatures are below nornla!. Such a relation­
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s 'p is logi 1. During ear h tl 0 t mp ratur , for each lllO 1 
av l' ged 1 0 F ove normal for the D evils Lake area, the. pora tion 
from water snrfac s might be 0.5 to 1. . h greater than during a 
y ar of nornlal temperature. The evaporation f 'om land surfaces 
co put d from a, graph by N[ yer (1928) would be ab 1 t 0.07 ineh 
gr a ter tha,n fOl a ear of ormal t Inpel'atur . 

No estimate is here made of the incr s of tr spil'aLion with 
Inc sed temperature, but in years when sufficient s il is tur is 
avail I, t ranspiration \vill be sig ifica ly incl'eas c1 by t mper ures 
th t aver be 11 leQTe higher t a nonna1. An inerease of onl 1 
dcgrc ~ i 1]' !' lIul ipm e1' UT ill Y i cr ' e wa or 1 ss ' by as 
much s .0,) j 0.10 inch ov r th L t,al dr infig ar a a. thus Ie rease 

" runoff from tho basin by equivalent amo t. 
f figUl'e 8 show h -. reI tions betw .n n.nnual p ' ­

cipitation a d nu 1 runoff and b w 'n annual temperature and 
annuall'uno . f l' th S1 iv l' a S Y lllle, N . ak., bas don 
22 ear f ec rd. A rnul tipl lin ar conei t j n of the am variablos 
gave t 1 f lim . g quaf on: R =2.95+0 . 8 p - .086 T, in whicl 
R' runoff, in in ,h:.s, dUl" g tho a,ter y n,r; P, PI' ,ipit tio dl1Ting 
the wat I' year' T, tempera ur in d gr ' Fahr ait. The standa 'nJ 

eII'or of s imat 0 tl is correl ti n is .195 ' h, . d th coe1ficient 
of co relation is 0.71. 

Th v ITia t.ion of runoff ~ 'ih m p r Ul' is 11sis nt wi that 
found by W. B. L ngbein , U. S. G logical , u' !y (unpubli'"'hed 
I' 'port), f l' tho R R' 'a.t Gra 1'1 , N. D I~ . He f nd y 

ui . 1 lin ar orr elation tha t th a llal runoff v 'ied inv rs ly by 
as llluch as 0.10 il h pel' degr of t m pcratn e ci1 O, be. 

AlLh ugh the av il bl records a' , short and the r lati n hip a,re 
a ected predominately y the cold, T t year of 19DO, h data indi­
ca e that a I-degree rise in a ,er g annual te pm alur Ina. b a so­
ciated i a d r ea e of 0.08 or 0.09 inch of runo p l' yo r , wb r as 
R. I-inch decr 0 in annual pr , ipi ta tio may e S ociate 1 with a 
d cr 1 , of about 0.0 or 0.04 inch of u off per l1I'. Thes r 10,­
t ionships, even thoubh poorly defined and pcrhaps d' orted by the 
daLa for 1 5 ,emphasize the possible eff ct of a 111 1av rag temper­
a tl e on runoff. The higher th n normal temperatlU'e ~i 0 1930, 

I' ic larly fro 1930 to 1940, PI' be bl 
v 

consi er abl d) 'e s d the 
inflow to D vil L ak;) as well in r as 1 th e p r c: i n from it. 

Inflow to l kes.-Flow into cos in tho D . ils Lal~ . in is char-
act riz d by infrequent, large inflows from spring runoff a d y long 
periods of 10 v, int rmittent inflow. For Devils L k thi chru:ac­
t eri ti di tribution of inflow is m gnifi d because a larO'(' pel'C ntage 
of run ff is stored in upstrealn lakes dUl'ing years of low run tr than 
during years of hibh runoff. 
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MeasureInents of the flow of :Nlauvais Coulee before l\1ay 1949 
are not available. Since then, occasional nleasurements have en 
made during periods of flow. l\/lost of the IlWaSUl'enlents were Illade 
below the IllOUth of Little Coul e and at th ' southeast corner of 
T. 154 N., R. 67 'IV., where the total drainag area i 
square miles. l\!leasurenlents at t,his site are in th 
tabulation: 

Streamflow 'measuremen ts of "AIa1{.va-is em.de I 6 miles south of Church. Ferry, 
"A{ay 194-9 to December 1952 

Di8clurrnt in 
C14(,iC feel.

1949: Date plJr 8~cond 
~lay 9___________ ___ ____ ____ ________ _____ ___ _____ ____ _____ _ 1 365 
Aug. 22 ______ '.... ________________ ____ _____ ___ __ :...___ ____ __ _____ 6. 7 

1950: 
~1ay 3 ____________________ _____ ___ ___ _______________ ______ _ 
wIay 24 _____ ____ __ _____ ____ __________ _____ ________________ _ 

June7 _____ ___ ______ __ ________________ ___ ___________ ______ _ 

June 9----------------------------------------------.---­ -­June 21 _____________ __ ________ __________ __ ________ ________ _ 
July 7 _____________________________________ ________________ _ 
Au~ 2 ____________________________________ ___ _____________ _ 
Sept. 1________________________________ __..________________ __ _ 

cpL 16 ___________ __ _______________ ____ ______ __ ____ _______ _ 
Sept. 18 _____________________________ . ______ . _________ ______ _ 
Oct. 14______ __ _________________ ___ ________________________ _ 

av. 18 __ _______ ____ ____________________ __ _______________ _ 
Dec. 9 ______________________________ __ _._ - _______ ­ __ ­ - _ - _ ­ - -. 

19 1: 
Apr. 5 _____________________________________________ ____ __ ­ __ 
Apr. 10.__________________________ __ _____ ________ __ _____ ___ _ 
Apr. 1< _______________ ___ ____________________________ ____ __ _ 

pro 16____ __ ______ ___ _________ ____ _______ ___ ______________ _ 

May 1 _ ____ __ ___ ______ __ ________ .. ________ - ________ __ __ ­ _- - ­
~Iay 1 __________ ___________ __ _________________ ___ ____ ____ _ 
June 2G ________ ____ ___ ___ ________ ________ _~ _______ ___ ___ __ _ 
J~y 1D___ ___ ______ __ ___________ _____ _____ ___ ________ ____ __ _ 

1952: 
Ap~ 11 __ _________________ _____ _____ __ ________ ______ _____ __ _ 

1 385 cf's mea urad on May 10 about 10 mil ,5 dowmtream. 

277 
5t 
607 
4 1 
379 
242 
107 

32. 7 
23. 1 
32. 
11. 5 

. 8 
o 

47. 1 
12. 1 
1 . 1 
59.4 
77. 6 
GO. 7 
10. 1 

. 9 

.2 

IVlauvais Coulee receives little inflow bet·w n the poin whoI' these 
measurements were Illade and D evils Lak ; ho ever, at tim s, sur­
face inflow froIll an aJ'ea f 300 or 400 square llliles enters the 1 ke 
through other small channels. 

Though no continuous re ords are a ailable of run ff \ .thin the 
closed basin of Devils and Stunlp Lakes, yet the net inflow to the 
main part of Devils Lake during SOIlle years can be appr ximated y 
adjusting the change in volume of water in the lake by the amount 
of precipitation on the lake surface and by the estimated e aporation. 
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C mputed an un.! IWlles of infl '\ to D vils Lak from 1930 to 
1952 are sh wn in tabl 2. The, average 12,800 acre-feet. (A 
round d VOhll11 of 12,000 aCT -feet is usod in cOlnputa i ns later in 
this report.) 

The cOlnputatioHs in table 2 a ' 
of water for bi n ltitu e w.r 

effectivo ~ r ca t.I·ibu tary t 

pora­

only on Lk of a chain, ,hich <,g' 'with the weet leI' group 
of lak and xtend ~ue ~si ely ihrouoh D viIs L .. L­ J E ust Bay 

vil Lak , and s t D viIs L ake, to Stwnp L 1-. jgm'e 11 
. a s hema 'c sk . h of tIL I ain of lak s .nd th ~ir II'ain' g 
Th numbers in the lake al' ~ this fih IT r w t T SlIT !tc 
tuu s about the iddlc of ~fay 1 2. Un d rlin urn b \ ·ween 
two 13. ~ 10 v th altitud tha t th UpSt.T am It k must rea 1 b for 
ov rHo;vi g int the next 1 k . At pI' S nt (1953) and PI' a 1 
Sln ab ut 19 2 wh ,n St.ate Route 20 was constructed a ross the 
"n rrows," Devils Lake hns been separated froul East Bay 
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FIGURE lO.-Computed annual in1low to Devils Lake and significant climatologlcal lactors. 
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22 CHEM:rCAL QUALITY OF SURFACE W ATERS, DEVILS LAKE BASIN 

EXPLANATIO N.---------- r __ -......... Al t i tu de at which~ f low between 
tw o lakes s t o ps 

/ 
/ 

~ / ,,__ (9 
~ I ~umber in circle is lake altitude/ ,~ , ( (.e't'Y"': May 1952 

/..!:...oo square miles "'g "I)' ....... 


f "'-, . ,\ac Aux Morles , "\ 
" 900 square miles 

Lake ITV:Qne \ 
Dry Lake 

Ibsen Lake __ \ ----' 

\ 

\400 SQ~:.:r' --r--.J------------ \\ 
miles " , I 900 square mil es 

\ / Devils Lake M ,ss,on Bay East Devi ls Lake J 

'~ 141 4 3 ;;Clf tI East Bay ;:;j 8 ~ ~s/ern Slump Loke 

" !i/~~.!j Devils Lake ~I 14 030 'l /

400 square mil es I (neOrly dryl ' 139 8.5 '0

"/ '/9/J ~ /" L ~;;Iack Tiqer Bay ~/'-__ E asrern Stump Lake ~ 
1412! _-- ­

FIGURE l1.- Schemati map oflakes and drainage areas in the Devils Lak bru:in . 

E en th ugh 1,h) annual d p h of runoff ri(~. id I, from ~ ar 
t y ar in the De ils L ake r gio , S0111e averag reIa ionship must 
xist b tw 1 k aT 0, and th drainag . area ha req ir d to 
aint in t.l!at lake 0,1' a . As the word "nu Linta, in'" used h '1", it 

m ans thal ther i eit er a generally risi g no ' agner, lly falling 
tr .nd of lake urf ce altitude 0 ' a consl erable ri d of y arL. 
II he ual 'Ullolfis ass m d to v rage 0.23 inch (p. 12 t leyielcifr m_ /1, ~ 
a square mil of drainao-e al't.'l1 will averag 12 .3 r -f t, 70 

CT -f t of infi , ing wa t r is r equir to main in h quar"' mil 
f the Iak ~urf '0 (8 p. 12) , a.b u 55 square n iles of tributary ar a 

is roquir don aint in each qu 1'e mil of surf- e f D vils Lak . 
Be ause ev("p ration from shallow lak , , hoB wa.L'1' war 1 up 
l'a i , m .y be 2 or 3 in lws g' .at p ' en han from D viI Lak , 
th shallow la ~es m y require 65 sq 1a1'e ile 0 drainage area to 
m iu t in e h luare mil f lak ur a E ven th ugh p rn ular 
1 ke a1' a c ld b g crally maint in ov "r a 1 ng period, the 
fl t ua ions in la1 lev 1 fronl y ar to year , oul b larg 1 
the a n 1al runoff varies \ idely. Also, considera 1T m ol' \ L 
the ycars c be O:1."p ted to have less th a r g runoff. T 
expec ed behavior of sUI·fa ~ level in a lake that is 1 ~ing int inod 
, 0 Ild be for the lake to d cline during most. ~ ears and t.o ris , perh .ps 
sharply, durino a f w years. 

r 

( . 
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23 FLUCTUATIO ""S OF DEVILS LAKE 

If an average of about 60 squar nliles of drainage arc is required 
to Inaintain 1 square nlile of lake surface, the 3,940 square nliles of the 
entire closed basin of Devils and StunlP Lakes can nla,intain only 60 to 
70 square nliles of lake surface. In :Nlay 1952 the surface area of 
Devils Lake, Bla,ck Tiger Bay, East Devils Lake, and Stmnp Lake 
totaled about 39 square miles. Except for :alack Tiger Bay, the East 
Bay of Devils Lake was ahnost completely (1ry. (PI. 1 is based on 
1950 water levels when East Bay of Devils Lake was hi her.) Al­
though adequate maps are not available for lllost of the sm_all lakes 
upstreanl fronl Devils Lake, the total water surface of these snlall 
lakes nlay have been 35 square Illiles or mor~ in ylay 1952 and prob­
ably exceeded 45 square nliles during the surnnler of 1950. The total 
lake surface in May of 1952 was probably about 75 square miles. 
This is a laTger area than is likely to be nlaintained by an average of 
0.23 inch runoff per yeaT. 

During 1940 the total lake surface of Devils Lake, East Devils 
Lake, and Stump Lake was probably less than 20 square miles and 
was decreasing. The area of the upstream lake surfaces was small 
but unknown. Fronl 1931 to 1940, an extended dry period, annual 
averages of runoff and of net evnporation were about 0.05 inch and 
18 inches, respectively. This not evaporation is about 5.5 inches 
greator than the assumed longtune average. During this dry period 
the totnl lake surface that could be maintained in the Devils and 
Stump Lakes basin was probably only about 10 square nliles. 

One obvious way of nlaintaining Devils Lake at a higher level 
would be to drain the upstreanl lakes by deepening their outlets. 
If upstream lakes were eliminated, the 3,000 square nliles of effective 
drainage area might then Inaintain Devils Lake (west of State Route 
20) somewhere near an altitude of 1,425 feet during periods of average 
runoff. However, elimination of these upstrealll lakes lllay be neither 
feasible nor desirable. If these lakes were drained, existing wildlife 
resources would be damaged. 

Frolll October 1930 to October 1940 the surface of Devils Lake 
fell about 10 feet. During this 10-year period the precipitation 
averaged 15.9 inches, the tenlperature averaged 39.1 degrees, and the 
estinlated evaporation from the lake averaged 34.1 inches. During 
the 10-year period that ended October 1, 1950, the lake rose 14 feet. 
The precipitation averaged 18.2 inches, the tem_perature averaged 
38.5 degrees, and the estimated evaporation averaged 27.5 inches. 
During this second 10-year period, the precipitation and tenlperature 
were each slightly above their longtime averages, and the estinlated 
evaporation was about 8 percent lower than average. Although cli­
matological averages are not too significa,nt in relation to runoff and 
la.ke altitudes, nevertheless the 14-foot rise in lake level during 10 
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years when the tempernture, precipitation, and evaporation were not 
far from average is noteworthy. This rise in lake level is not likely 
to have been caused by changes in agricultural practices but prob­
ably was due to small changes in the weather. Similarly, small 
changes in weather in the future may deternline the size of Devils 
Lake and the other lakes in the Devils Lake basin unless water is 
diverted to thrIll from a source outside the basin. 

CHEl\IICAL AND PHYSICAL PROPERTIES OF THE LAKE 
"'VATERS 

In the closed Devils Lake basin the runoff collects in depressions 
where continued evaporation forms saline or alkaline lakes. In 
extrenwly dry years, when evaporation is rapid, these lakes may 
become beds of saline residues or may exist for sonle tinle in a serni­
solid state. During a wet cycle, on the othe.r hand, when runoff 
fronl nlelting snow and from precipitation is above normal, the lakes 
receive fresh water, which dilutes the concentration of dissolved 
solids. The salinity of water in Devils Lake fluctuates in this nlanner. 
In November 1948 the concentration of dissolved solids was 25,000 
parts per million (ppm). This concentration had decreased to 17,300 
ppnl in ~Iay 1949 as a result of inflow of fresh water, prineipal1y from 
1fIauvais Coulee. In1·ray 1950 when Nlauvais Coulee was disehnrging 
a considerable volume of water into Devils Lake, the concentration of 
dissolved solids was reduced further to about 7,000 ppnl. In this 
19-nlOnth period from N o venlber 1948 to 1 tfay 1950 the lake stage 
had risen 7 feet, and the concentration of salts had dinlinished over 70 
p(1rcent. Thus, the salinity of waters in a closed basin is not constant 
but varies with climatic changes and hydrologic features peculiar to 
the aren. 

PRELIMINARY CONSIDERATIONS 

Natural water free of colloidal materinl is essen tinIly a solution of 
mixed salts and gases. When concentrated by evnporation, this 
solution undergoes ehemical change in accordance \vith the solubilities 
of those salts present in the water. The least soluble salts will pre­
cipitate first, and the most soluble will remain in solution the longest. 
If a water containing the chlorides,' sulfates, nnd carbonates (as 
biearbonates) of sodium, calcium, and nlagnesium is evaporated, the 
sparingly soluble carbonates of calcium and magnesium will be pre­
cipitated first and the nlOderately soluble enleium sulfate second. 
Sodium sulfntc and sodiunl carbonate will precipitate next., followed 
by sodium ehloride and magnesium sulfate, and the very soluble 
chlorides of calcium and magnesiunl will remain in solution. 



Constituent Before eva po­
ration 

Arter evapo­
ration 

Calcium (Ca) ____ __ _____________ __ ___________ ppm__ 
Magnesium (Mg) _____________________________ ppm__ 
Sodium (Na) __________ __ _____________________ ppnL _. 
Potassium (K) _______________________________ ppm__ 
Carbonate (C0

3
) _____________________________ ppIlL_ 

Bicarbonate (HC0
3
) __________________________ ppm__ 

Sulfate (S04) _____________________ _______ _____ ppm __ 
Chloride (Cl)--- ______________________________ ppm__ 
Hardness (as CaCO· 

j 
) _________ ~ __ _ _ ___ ___ _____ ppm__ 

SUIlll ___________________________ ____________ ppm__ 
Specific conductance______ micromhos per em at 25° C __ IpH ______________________________________________ _ 

59 
11 
31 
7.7 
o 

213 
77 
13 

194 
304 
516 

7.7 

60 
58 

328 
74 
17 

199 
770 
135 
386 

I, 540 
2, 230 

8 . . 5 
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This order of precipitation is sin1ply the general order that con­
forms to the known solubilities of the several salts, and every step 
in this general order is not necessarily taken. For example, all the 
calcium may be elin1inated as carbonate, and none would be left for 
the formation of other salts; all the sulfate may be cOlnbined with 
calciun1, and sodium sulfate would then be absent. Actually, the 
chemical changes occUlTing during the concentration of a sp ,cified 
water depend on its con1position and differ from one water to another. 
If calciunl is deficient, for instance, evaporation produces residual 
mixed waters in which alkaline sulfates, carbonates, and chlorides 
may coexIst in all possible proportions. Natural water is a cOInplex 
solution of n1any salts; as Clarke (1924) has pointed out, the solubility 
of a salt in pure or distilled water is entirely different than s lubility 
in the presence of other cOlnpouncls. Furthermore, when the nUluber 
of possible compounds is large, the issue beeonles even more com­
plicated because each salt influences every other salt to a degree that 
is determined by temperature and concentration. 

Changes in concentration resulting from evaporation of natural 
water are illustrated by the following experiment: Two liters of water 
similar in con1position to the inflow from ~,fauvais Coulee was evap­
orated by boiling to about one-tenth of the original volun1e. Analyses 
of this water before and after evaporation are shown in the following 
table: 

Analyses of water sample before and after evaporation to about one-tenth original 
volume 

I 
I Sum based on conversion of HC03 to C03 by dividing by 2.03. 

A decrease in total mineral content results fron1 partinl preeipitation 
of calcium and magnesium carbonates; this loss at 100 0 C, the boiling 
point of water, is a.ctually greater than would result fron1 solar evapo­
ration. The following data are of interest, however, in showing, 
semiquantitatively, losses in mineral content through chernical precip­
itation of certain salts. 
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Loss oj nlineral conten t 1:n water sample by cheln1:cal r rzr;t.ion 

Original
Constituent I wei!(ht Final weight Ne,t loss 

g 
_ 1__ID_ g_)__I__ _(n_l_)_ _ I_,__(ID_g_)_ 

Calcium (Ca) ___ ~ ________________________ 118 12 1061 

Magnesium (Mg)_________ _______________ 22 12 10 
Carbonate (C03) * _ _______________________ 210 23 187 

*Includps equivalent of bicarbonate. 

The change in chemical character is readily apparent, as shown in 
the following table: 

Percentage com position of water sample 
-------.------~-----

Constituent 1_.__B_C_10_re_,_1_._A_f_ter__evaporation evaporation 

'Calcium (Ca) ____________________________________ --I 19.4 3.9 
Ma~nesium ,(Mg) __ ________________________________ _ 
'Sodlllm (Na) _______ - _ - _ - __ -- __ - - -- - - - - ____ -- - ____ -_ 
Pot.assium (K) ____________________________________ _ 
Carbonat0 (COa) __ - - __ - - - - -- - - - - -- ___ - - - - - - - ______ _ 
Sulfate (S04) ___ - .. - - - - - -- - - - - -- - - - ----- - - -- - - --- - - - ­
Chloride (CI) ______ - __ - _ - - - - - - - - - - - - - - - _ - - _ - - - - _ - _ - _ 

Total_______________________________________ _ 
Salinity________________________________ - _____ ppnL_ 

3.6 
10.3 
2. 6 

34. 5 
25. 3 
4.3 

3.8 
21. 3 
4.8 
7.5 

50. 0 
8.7 

100. 0 
304 

100. 0 
1, 540 

The concentration of salts ill natural water by evaporation produces 
mark d changes in the relationship of the individual constituents 
originally present. Calciunl and carbonate in the above exanlple are 
now less significant, whereas sodium and sulfate are the principal ions. 

The solubility relations of salts in Devils Lake water have been 
investigated by N erhus, 1 'who was working under the direction of 
Professor G. A. Abbott (1924, p. 182-183). Applying the phase rule 
principle, they nlade a detailed study of the solubilities of salts in 
Devils Lake and eoneluded that the solubility relationships were 
nluch siInpler in the lake than in sea water or other chloride waters. 
By solar evaporation and fractional crystallization, Nerhus and Abbott 
succeeded in separating the following salts from Devils Lake water: 
nlirabilite (Na2S04'lOH20); astrakanite or blodite (Na2S04'1-fgSO.i' 
4H20) ; halite (NaCI) ; and sylvite (KCI). 

Sonle understanding of concentrations of salts in the lllajor lakes 
and waterways is necessary to understand the quality-of-water prob­
Ielns relevant to restoration of the Devils Lake ehain. In the fol­
lowing table, nlaximunl and nlininlUln observed concentrations of 
dissolved solids are reported for the period 1948-52, 

I Nerhus, P. T., 1920, A study of solubility relations of the salts in Devils Lake water: Thesis for Master 
of Sci. Degree, N. Dak. Univ., 41 p. 
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R a.nges in concentration of dl:ssolved solids in samples from principal lakes and 
waterways, 1948-52 

Samples 

Source 
Maximum I 

concentration 
\Ppm) 

Date sampled 
Minimum 

concentration 
(ppm) 

Date sampled 

------­--- ­
Ma lvais Coulee __ ____ 
Devils Lake______ ___ _ 
Mission Bay _________ 
East Devils Lake __ ___ 

696 
25,000 
59, 300 
62.000 

Nov. 
Nov. 
Mar. 
Mar. 

18,1950 
20, 1948 
28, 1952 
28, 1952 

276 
G, 130 
9, 340 

35, 300 

May 
May 
.JlUle 
Aug. 

24, 1950 
3, 1950 

20, 1949 
1, 1950 

Stump Lake: 
Western arIll __ ____ _ 
Eastern arm________ 

15,000 
106,000 

Mar. 
Mar. 

29, 1952 
29, 1952 

2, 410 
43, 900 

June 
.June 

14, 1950 
14, 1950 

- ­ --

Rankunla and Sahama (1950) reported the average cornposition 
of dissolved solids in lake, river, and sea waters. For cOIllparison, the 
following table gives these average results and the percentages of 
principal constituents for waters from ~lauvais Coulee, Devils Lake, 
an pastern Stump Lake. 

A verage percentage composit-ion of d1:ssoZved solids in sevetal waters 

COllstituent. 

Cal i m (Ca) _________________ 

IVlagnesium (Mg)_

Sodinm (Na) _________________ 

Car b nate (C03) * ______ -______ 

Sulfate (80 ) _ _ _ _ _____________


4
ChI r ide (Cl) ________________ _ 

I 

Wkoand I I l\'lauvaisriver Sea wat.er Couleewators 

I
20. 39 I 1. 15 
3.41 3. 69 
5. 79 30. 62 

35. 15 .41 
12. 14 7.68 

5. 68 55.04 

18.6 
6.2 

10. 1 
41. 2 
21. 2 

2. 7 

EasternDevils StumpLake I I,ake
I 

O. 6 0.1 
4. 8 6. 5 

24.4 21. 8 
4.6 I .8 

51. 6 57.8 
11. 5 11. 7 

I 

elnclu as equivalent of bicarbonate. 

SWEETWATER GROUP OF LAKES 

Th Sweetwater group constitutes an extensive chain of lakes, 
which include Sweetwater Lake, Dry Lake, Lnc Aux ~/IOl·tes, and 
J..Ja] Irvine. In former years these lakes were eonnected by n 
serie of small coulees that at times discharged considerable volumes 
or w tel' into ::\Iauvais Coulee. The general dedine in lake lev Is 
in th area ended the flow between these lakes, and tho S , t,water 
group b ante diseonnccted bodies of water whose depth fluctuates 
with clinlatologieal changes. 2'.lost of these la,kes are shallow; a,nd 
some, pa.rticularly Dry Lake, are marshes tha,t are oceasionally dry. 

-water Lnke, the la-rgest of this group, lyil1g a few mil, north of 
the ci ,y of Devils Luke, was nearly dry dUTing tho drouoht ar of 
the 19 ... O's but overHowed in ] 95l. Swe .twator Inlet., whi 11 ~v~ e ·t 

r k is a tributary, en ters this lak at its eastern boundary. 
326053-55--3 
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The Sweetwater grollp of lakes is the first link in the Devils L ake 
system (fig. 11 ) . ( n like Devils Lake and otho' nlajor lakes 1 iug 
in the lower t'n of th cl sed basin, the Sw etwater gr up, a sug­
gested by their name, ' nsists of fr '~sh-water lakes. Sam ples tak ,l1 
from four lakes and Sweet Creek in June 1949 showed that these 
"'(,vaters are hard but only moderately lnillcralized and of calcium 
bicarbonate type. Extremes in concE'ntration of dissolved solid~ 

at that tune are represented by Dry Lake (232 ppnl) and Swe(~twater 
Lake (450 ppnl). The latter is the present local source of water for 
industrial usc by the Otter Tail Power Co. and the Greet Northern 
Railroa,d. vVater in the Sweetwater group of lakes is slightly alka­
line; the pH ranged from 7.3 to 7.5. Complete analyses are r .ported 
in table 3, and sanlpling data are given in tabh\ 4. 

MAUVAIS COULEE 

:Wlnuvais Coul is the largest drainage channel in the Devils 
Lake system and the principal tributnry to Devils Lake. This 
coulee flows intermittently, largely in response to snow.nu,)t and ex­
cessive precipitation during the spring. For e. telH.1od ppriods l\'fau­
vais Coulee has been a dry cr(:'ekb 'd, and even spring thaws lUI.ve not 
induced flow in a number of yom·s. However. about 1883 during 
the settlement of the r0gion, Nfnuvais Coulee had substantial flows: 
as evidenced by the maintenance of a wagon feIT.V at Churel s 
Ferry, a short distanc0 b(,low th0 outlet of Lake Irvine. Both in 
1949 and 1950, the coulee carried apprecinble flows. (Sec p. 17.) 
Except for oe asional flows during a wet elinlH.tic cy cle, the rc '0 ' ed 
history of ~launlis Coulee has mostly been that of a drywash, which 
partly expln.ins tIl(' gradual 50-year decline in level of Devils Lak '. 

Thirt0en analyses of water taken fronl ~r[auvais Coulee in t.he 
period fr0111 June 1949 to lVIay 1951 rove-HIed properties are sirnilar to 
those of waters in the Sweetwater group of la.kes. This is und T­

standable b cause ~fauva' Coulee, in its southerly COUl"se to D e : 
Lake, ent('rs tht~ w tprn end of the S~petwate·~· group, los "'s its 
identity in the 1 ~e ·wate·fs, .n d finally r appears at t l1 ' outld of L ake 
Irvine. The coule water in the vicinity of Churehs FC'l"ry is ani 
and moderatehr 11lillcralizeti. Concentratioll of dissolved solitls a ('­
nged :35:3 pprll, and hardness ranged from 174 to 4:18 ppm. An 1 tical 
results appear in table 5. 

SILVER LAKE 

Below Churchs FelTY. ~\'lauvais Coulee r(" 'pivC's SOlllP intlow £rOin 
a sDlall eoul<,l' that drains Silver Lnke and in turn Ibsen LaI? (not 
salnpl,cl) to the northwest. Silver Lake is a fresh-water lak ; an 
analysis of the wa 1" ill t.his lake (table 3) shows the sam(' .h mieal 
charact,cr HS ~Jauva.is COlden wut('I'. 

http:Jauva.is
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TABLE 4.-Sampling data for ndscellaneous lake and swjace waters, Devils Lake 
basin 

Sampling point Sampling period 

I 
Depth,
in feet , 

Name at sam-Date piingTown- Range (JuneSection Time Iship point1949) 

Battle Lake___ ___ 150 62 5:20 p . In.20 2. 6 
Black Tiger Bay__ 152 

SE~NE7H7 
2063 8:45 p. m. .5SE%NE%19 

Coon Lake_______ 3:45 p. ID_152 2060 1.9NE%NE%19 
Dry Lake________ 155 19 8:05 p. m. 65 3. 0SE~SE~3 
Elbow Lake__ ____ 151 20 6:25 p. Ill. 2. 1 
Free Peoples Lake_ 

63 SWYi NWy.; 16 
151 20 I 6:20 p. Ill.63 1.7 

Horseshoe Lake___ 
NWYt NWYt 16 

6:50 p. ID.150 64 20 1.8 
Lac Aux Mortes __ 

NE%SW~H 
19 3:10 p. ill.156 66 1.0SW~~NEYt3 

Lake Irvine ____ _: 1. 1156 19 2:35 p. ID.66 SW7~SWYt I9 
Long Lake___ __ __ 152 11 :00 a. ffi.20 2.0 
Mallard Lake 1 __ _ 

67 SEYt NWX4 
20 8:10 p. ffi. . 8 151 64 SE7~SEYt I4 

Pelican Lake _____ 20154 SE%SEYt24 10:00 a . ffi. 
Pleasant Lake __ __ 

67 
7:45 p. Ill. 2. 3156 71 SE y.;SW?~9 17 

Rose Lake _ _____ _ 61 SW y.;SW y.;10 4:30 p. ID. 2.3152 20 
Round Lake______ 10:45 a. lll. 1.9 
Shin Bone Lake___ 

153 2067 NE%SEX35 
5:45 p. Ill. 1.6151 SE y.; NW%34 2063 

Silver Lake_____ __ SE y.; NWy.;34 17 5:35 p. m. 2.5 
Spring Lake______ 

155 67 
SWy.; NEy.;35152 64 20 8:30 p. ffi. 1.6 

Square Lake___ ___ 7:50 p. 1l1. 1.9151 64 SE%SEy.; 11 
I 

20 
Stink Lake______ _ . 5 
Swan Lake_______ 

NWy.; NWy.; 14 4:45 p. m.17155 67 
2.3 

Sweet Creek __ ____ 
152 20 4:10 p. lll.61 NEXNE.1;j27 

7:15 p. 1l1. 1.2 
Sweetwater Lake__ 

156 SE%SE y.; 1363 19 
8:30 p. ID. 2.5155 64 19SE 7~NW7~27 

Twin Lakes __ ____ 1.9152 20 11 :50 a. lll.SE?~SWy.;2266 

1 Sample collected from marsh adjacent to lake. 

DEVILS LAKE 

Devils Lake is the nlOst important unit of the waterway system in 
the Devils Lake basin. For over 50 years residents have been 
concerned about the quality of the water in Devils Lake. Much of 
this concern is related to problems of restoring the r ecreational value 
of the lake, especially the fish and wildlife resources. 

Devils Lake is the repository of water fronl 11auvais Coulee and, 
indirectly, of flows from the Sweetwater group of lakes. Present 
water in Devils Lake is, in a sense, "old" 11auvais Coulee water that 
has been concentrated through evaporation and has lost its for r 
chemical character and fresh-water properties. The lake wat ir was 
brackish as early as 1899, as Young (1924) reports a concentration of 
dissolved solids for that year of 8,471 ppnl. In 1899 the lake level 
was 14 feet below the high nlark of 1867. Babcock (190:3) tat e i 
that the salinity of the lake water in 1902 was 635.9 grains per 
gallon, or 10,874 ppnl, a substantial increa.se in concent.ration. B ­
cause the lake stage was slightly higher than in 1899, the 19 2 n en­
tra.tion appears to be questionable. 

http:increa.se


_______ __ _ 

_____ __ _ 
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TABU: 5.-Chemical analyses of water samples from lIfauvais Coulee near hurchs 
Ferry 

[Analytical results in parts per million except as indicated] 
----.-------,----.,------,---~___;---__,__----:----~-.----,c---

D a t t I Dis- I Temper- I Silica 

OOIl'':;i~n i '~.%!' ~;'l'f ~ 
19~June 17___ 61 24

June 19_____________ 62 11June. ___ 62 18 

1950 i 
K~~~ ~4=== ~i~ -------60­ -------15­
June 7____ 607 56 17 
June2L__ 379 68 19 
July L___ 242 __________ 17 
Aug. 2____ 107 __________ 23 
Sept. L__ 32.7 __________ 26 
Oct. 14____ 11. 5 __________ 15 

::~~::: ________' _-- -----=-1______" _1___:~'_I ____ __:::_ 42 --------l-----:--­

Bica.r­

('lI3~:) 

236 
360 
264 

i:> 
218 
19 
204 
222 
262 
274 

511 

Iron ICalcium M~gne- I Sodium P?tas­

~_L~«'~ 1i~;;J I~ 'i\(:'f 

0.04 
.04 

49 I 
64 I 

15 
35 

.04 49 20 

1 

18 12 
34 8.8 
'Zl 16 

-- --- -:i4- -------43- -------i6- ---------22--------­
. 20 50 17 24 
.14 48 16 18 
.30 49 17 20 
. 08 48 18 18 I 17 
.02 57 19 31 
.04 6.'3 21 32 

Dissolved solids Hard­
ness Specific 
as conduct-

Date of 
colJection 

Chloride 
(Cl) 

Fluoride 
(F) 

Nitrate 
(N03) 

Residue 
on evap­
orat.ion Sum 

i
I 

CaC03 
(cal­

cium, 

ance 
(micro­

mhos a t 

pH 

I--1---­
at 

180 
0 

C 

magne­
sium)I-­

250 C) 

1949
June 17 ___ 
June 19__ _ 
J une 20 ___ , 

36 
83 
51 

9.0 
14 
14 

0.2 
.2 
.2 

5.0 
1.0 
1. 4 

::124 
468 
366 

286 
426 
329 

184 
304 
205 

483 
701 
553 

7.5 
7. 5 
7.3 

1950:May 3___ _ ____
May 24__ _ 

__ ____ 
48 

______________ ___ ____________ _ 
10 .2 3.4 

330 

276 

1 

______ ___ J __ ____ __ _ 
251 I 174 

476 
412 

7.5 
8.0

June 7___ _ 54 8.8 .1 .6 310 279 195 439 7.4 
June2L __ 49 6.0 .2 a.8 288 258 186 415 7. 4 
July 7_____ S3 7. 4 .1 4.2 296 268 ' 193 426 7. 6 
Aug. 2____ , 52 5.0 .2 3.5 322 294 194 451 7.7 
Sept. L ___ 65 8. 0 .4 3.4 358 334 221 532 7.6 
Oct. 14____ 68 9.0 .2 2.4 370 346 242 569 7. 8 
Nov. 18___ 130 27 1.0 4.5 696 663 438I 1,030 7.0 

312 ___ ____ __ _ 
565M';~_-!- ________1__ --- ----1--------- ----- -----I -------­

Pope (1909) made the earliest detailed investigation of the chemical 
and physical properties of water in Devils Lake in the 7-week period 
from July 20 to September 10, 1907. Pope and his colleagues of the 
U. S. Bureau of Fisheries sought to explain the cause of the sudden 
disappearance of pike froill Devils Lake about 1889 and to determine 
th possibility of restocking the lake with suitable fish in response to 
urgent requests fronl local residents. Through arrangClnents made­
the year before his visit, Pope obtained a sa,mple of water from Creel 
Bay, an arm of Devils Lake, and I'('ported the concentration of snIts. 
as of JUlle 1906 to be 8,517 ppIll. During fieldwork in 1907 he col­
lected samples froIll several parts of the lake and reported the con­
'l'nt-ration in the main lake (identified as station 5, large lake) to be­
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9,448 ppm, as calculated frOlll the sunl of measured constituents. 
Density of water in Devils Lake in 1907 varied frolll 1.0054 to 1.0090, 
according to locality. Soundings in August of the sanIe year showed 
a maximmll depth of 25 feet (water surface altitude, 1,42a.6 feet), 
which is 10 f et less than the depth reported in 1883. Pope stated 
that in 1907 Devils Lake was at. its lowest known level and bays and 
tributaries, 'which were navigated by stcalners in 1883, were com­
plet ly dry or closed to navigation. Recession of the lake area was 
apparent also from salt-incrusted boulders that were strewn along the 
lakeshores. Further, to quote Pope (1909, p. 16)­

Nearly all of the surrounding lands, especially the "dried up" bays, show upon 
their surface a thin grayish-white efflorescence resembling frost. These accu­
IUulations, genera"ny found in regions of deficient or irreguiar rainfall when the 
soil coqtains unusually large amounts of soluble salts concentrated in or near the 
surface, represent the residue from the evaporation of moisture. 

As to the properties of the lake water and their effect on fish life, 
Pope concluded that although alkaline salts were present in relatively 
high percentages, observed concentra,tions were not necessarily pro­
hibitive to the acclirnatization of certain species of fish. The analysis 
by the Bureau of Chenlistry of a water sample that was collected in 
1907 from Devils Lakp is reproduced as follows: 

Par!! ptr 
million 

Silica __. __.... ___ ____ ___ __ ___ ___ .___ ____ ______ ,,_________ __ _________ __ 26. 6 
Iion ______ ____________ _________ __ ____________ ___ __________ _ 14.8 
Calcium ______.______________ __ ____ ________ ___ .___________ __ __. 26.3 
Magnesium __________ ___ ___ ___ ___ ____ ______________________ __ 530. 5 
Sodiunl_____ ____ ___________ ___ ___ __ ______ _______________ ___ __ 2,108.3 
Potassiulll__ ________ _.____________________ __ ____ _.___ _. ____ ___ ___ _ 199. -; 
Carbonate _____ __ ____ __ ____ ___ _____________________________ _ 125.1 
B~arbonate______________________ ____________ __ ____________ _ 538. 9 
SuHate ____ ___ __.. __ __ ________ ____ __ ______________________ ___ 4,977.9 

hloride____ _________ ____ _______ __ ____ ____ __ ____ __ _________ _ 900. 3 

Total _____ ___ ______ _____ ____ ___________________ __ __ _ 9,448.4 

Four years after the investigation by the Bureau of Fisheries, 
Daudt (1911) published an analysis of the lake water that showed 
the concentration of dissolved solids in 1911 to be 11,278 ppm. The 
level of Devils Lake had declined Illore than :3 feet during those 4 
y aI's. In 1914 and 1918 the salinity of t.he lake water was 12,092 
and 14,452 ppIll, respectively, according to Nerhus. 2 The concent,ra­
tion had decreased to 13,462 ppnl in 1919 (Young, 1924) when the 
stag of Devils Lake had increased approxinlately 1 foot above the 
1918 reading. 

2 Ne.rbus, P. T., 1920, A study of olubility relations of t e salts in Devils Lake water; Thosls {or Mast r 
of ScL Degree, N. Dak. Univ., p. 4. 
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By 1920 the wat r had b('(;olIle mon' saline; ~('rhu ~ 3 reportod u. 
concentration of 15,889 ppnl and n cll'Jlsity of 1.0101 at' C. The0 

lake water was brackish, and salts of sodiUll1 and 111agnl'siunl were 
the principal compounds in solution. N ('rhus Hol ed that sulfate 
rather than clJoride was th . ehief acid radic~Ll in tlw water, and in 
thi respect Devils Lake was unlike 11lfi.lly wc ·'t. I'n lak(:'s, such as 
Searles Lake, Cadiz Lake, and O\yens L~ ke iu California and Dixie 
Salt. IVlarsh in N vada, whose waters '.ontain chI ride in c. c :>ss of 
sulfate. N .rhus also mentiolled the low calcium content of Devils 
Lake water and the negligible concentration of iron. During the sub­
sE~quent 3 years, fiuctuations in ,vater level were small; nnd in 1923 
the concentration of the dissolvcd solids in the htke water was 15,210 
ppm, according to Young (192Ll). 

To summarize early salinity studies of Devils .Lake, the eoncentra­
bon of salts in the water had almost doubled (frolll 8,471 to 15,889 
ppm) in the 24 years from 1899 to 1923. During this same period 
the lake surface had fallen about 8 fl'<:~t. In the succeeding 25 years, 
from 1923 to the beginning of the quality-of-water study by the 
Geological Survey in 1948, no investigatio:iJs of the salinity of the 
lak water are known to have heen Illade. 'The surface of Devils 
Lake declined during the period 192:3 to 1940, until u.n altitude of 
1,400.9 feet, the lowest recorded stage, was rea,ched in 1940. At this 
time the average depth of t.he lake was about 2 feet, and the lake 
surface was 38 fe,et lower than in 1867. The area of t.he luke had 
shrunk from about 90,000 acres in 1867 to 6,500 tlCT('.S in the nluin 
ls,ke in 1940 (North Dakota, 1944, p. 23). Unfortunately, no dat.a 
.as to salinitJY of the lake water in 1940 are available, but no doubt the 
lake wator was more concentrated than it had ever bO(:>11 before. 

The pe1"iod 1948 to 1952.-The investigat.ion by the Geological Sur­
vey of the quality of surface water in Devils Lake basin included the 
following: The present salt concentration and propNties of the lake 
,vaters, the d(~gree to which salinity of the waters coul<1. be reduced 
by inft.ow of fresh water froni outside the hasin, the. volUInc of inflow 
and outil w that would be required to maintain low concentrations 
of salts, the properties of the natural anci diverted inflow waters, 
cstnnates of the tonnages of salts that might be redissolved fronl 
depo its along the shorelines when lake Ie d s are raised, the character 
of bed sediments in the lakes, the presenee of toxic m etals in the 
water, and the quality of prrsn 1t Sheyenne River w tel'. lYfany 
details pertaining to the eonstruction, operation, and maintenance of 
a series of proposed eanuIs for restoration of lake levels depend on 
quality-of-watel' information. 

3 Idem, p. 4--5. 
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In N oVl'lnber 1948 the salt concent.ration of Devils Lake \\ as 
25,000 ppnl, the highest measured during the period of study. . he 
lake had risen 3 f t since the low stage of 1940. As no anal rsis [ 
the la,ke water had been made for rna ny years, to the writ('r ' JOlt w]­

edge, the chelllical charactcr of the water ill la,t ' 1948 , a:s '0 par ,J 
with that in earlier years to observe any cha.ng s ill com. ~iti ll . 

For this conlpal'isOll t.he analysis by Daudt (1911) wus used. In 
the following table analyses of Devils Lake wat('1' for ] 911 a.nd ~ 4 
are reportrd in perc ntage of the dry salt residue. 

Percenia(Jc composition of tcaler in Dr!!' il;;; LoA r; 

1911 

Calcium (Ca) ~ __ ___ ___ _____ _____ ___ _____ _____ ___ _ 
Magnesium (Mg) ____ ___ __ ___ ____ ___ __ _________ _ _ 
Sodium (Ka) ______ ____ ________ __ _____ ________ __ _ 
Carbonate (COa) ___ ___ _ ___ _ ___ _____ ___ ___ ___ __ __ 
Sulfate (80

4
) _ . __ _ ____ _ _ _ _ ____ _ _ ___ _______ _ _ ____. ___ 

Chloride (Cl) _______ ___ ___ __ __ _____ _____ __ _____ _ 

5. --1­

25. !) 
4. 2 

.1)4-. 1 

10..5 

I " . 

_4 
5. 7 

24. 7 
2.9 

fi . 4 
11. :) 

Salinity _____________ _______________________ ppm __ 11,278 25, 0 

The percentage cOlnposition of the lake water in 1945 IS t hnos t 
identical to that reported by Daudt ~17 years earii('r. Thu, th 
relationship of ions in the lake watrr has remained r('asonably Oll­

stant even though the concentration of salts has more than do bled. 
In Nlay 1949 ~iauvais Coulee was discharging fresh water in to 

Devils Lake; a IneasureIllent of 385 cubic feet per second (cfs) w 
recorded on 1Jay 10. As a result of Illixing of lake and coulee wa r~ , 
the sa.linity of the lake water as det.enuined fronl one smnple on 
~1ay 19 was reduced to 17,300 pPIll, a concentration much] s than 
that of Novelnber 1948. 

From June 14 to 18, 1949, a det.ailed investigation ,vas luau , to 
determine the areal and verticn.l variations in the ch 'micn1 character 
of the water in Devils Lake. Thirty-two samplps of w tP.£ V' ~rl:' 

collected at different points in the lake for chenlical analysis. Bp. 
the lak was shallow (the maxinlUln IIH'asured d(~pt.h, G.9 feet; nHitud , 
1,406 feet.) , most of these samples were integrated thl'OU~.dlO1 t 11<' 
depth. At 4 pla.ces in the lake, however, at depths from: . t 
feet, separate smllples were collected f1'0111 points ill'ar the b 
and near the surface. At each sa.mpling location, oundin, '-' 
lnade and wat r tenlperatures reeol'ded. Sediments fronl th 
bottoIll were n,nalyzed for particle sizes. 

The average density of the water in June 1949 was 1. 
per milliliter at ~OO C. The cOlnposition of Devils La.ko wat was 
uniform over the pntire lake, but the concent,ration varied s ·O'htl.v. 
The map in figure 12 shows that concentrations in CrocI Bay l' 
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slightly lowor than those in the nUlin part of the lak .. 'Vhcreas the 
average salinity of the lake during this detailed study was 13,400 
ppm, sa,nlples from Creel Bay averaged about :3 pel' . nt 1 s than 
this c neentration. The discharges of untreated sewage from the 
city of Devils Lake explains the lower concent.ration of salts, probably 
by dilution, and the higher concentrations of nitrate (25 ppnl N03 

maximum) in Creel Bay. The slightly lower than average con­
centration near the southwestern shore of the lake rrlay be due to a 
mL~ture of lake water with discharge from snlall springs. Variation 
in c nc ntration of lake ,vater from top to bottonl was not significant, 
·except in one location near the western shore of the lake 'where top 
and bottOIll san~ples measured 1:3,200 and 14,700 ppUI, respectively, 
a difference of about 10 percent on the basis of the denser water. 
The lake water was alkaline; the pH ranged fronl 8.0 to 8.7 and aver­
aged 8.3 and 8.4 on (.Tune 14 and] 8, respectively. 

Th reason for the disappearance of fish in Devils Lake has been 
mat ter of speeulation since 1889. Abbott (1924, p. 18:3-184) off "red 
the explanation that fish species in the lake died because of toxic 
substances in the ,vater. After careful chemical exam.ination of the 
lnke water, he reported the presence of zinc in concentrations of about 
15 ppm and presented experirnental evidence to show that fish could 
not survive in water of this concentration of zinc. Analyses of the 
lak e water by the Geological Survey in 1949 and subsequent year 
8ho :v zinc in trace arnounts only; the maxinlunl concentration observed 
was 0.16 ppnl. An independent examination by Abbott a.t the tiillle 
of the present investigation reported zinc in concentration of 0.20 
ppnl and confirmed the nleasurement of the Geological Survey. 
Th e data strongly suggest that, during the interval between 1924 
and the present study, the zinc ions originally present must have 
reacted chemically with otlwr ions in the water and 'precipitated as 
an insoluble zinc compound, probably zinc sulfide. Shortly after 
Abbott's st.udies in 1924, the city of Devils Lake began discharging 
rfl;W sewa.ge into the shallow ancll'ececling waters of Creel Bay. While 
the lake level cont.inued to fall, the untreated sewage dccOlnpospd as 
a result. of bact.erial fernlentation and emitted hydrogen sulfide; th 
pI' ~ nee of this gas was readily verified during the 1949 s tudy. 
Hydrogen sulfide in an alkaline solution, such as Devils Lake water, 
will precipitate soluble zinc eonlpounds to for111 insoluble zinc sulfide. 
Zinc soaps might also be precipitated, as donlestic Sf-wage is charg 
with considerable quantities of soaps. In 1949 the altitude of Devils 
Lak as about 10 feet lower than in 1924. In 1949 and 19.50 a ulys "s 
of tl.l t from encrusted rocks and soils that were exp sed along form r 
sh relin s sho'wed conclusive evidence of zinc. The p rceutage of 
zi e in salt incrustations on the basis of 3 sanlples fronl widely scat­
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Figure 12.­ Map of Devils Lake showing an>a! concentration of salts in parts per million . .Tnne 14--1 .1 1W 
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tereel localities was 6 to 15 tilnes as much as the percentage of zinc 
in the elry salt residue of a, sample of lake water in Septenlber 1950. 
These facts suggest that most of the zinc, at one time present in the 
water in significant concentrations, has been chemically precipitated 
on the lake floor; as the la,ke recedes, the exposed Toeks and soil 
particles show this evidence. 

Analyses for trace elenlCnts were lllade by the Geological Survey 
from 1948 to 1952; and as the following table shows, the concentrations 
of th se elements in Devils Lake water are very low. 

ObseMI d maximum concenlrat-ions of trace elements 1:'f/ wa.ter of Devils Lake. 1.948-5 fJ 

Part,~ per 
million 

Arsenie (As) ___________ ________ ___ _____ ______ ___ _ _______ _ _ O. 05 
Boron (B) __________ _____ ____________ ____________________________ 2. 9 
Copper (Cu) _____ __ __ ___ __ ___ ___ _______ ______ __ ___ _____ ____ ____ __ .00 
Lead (Pb) __________________ _____ __ ____________ _____ ___________ . 00 
Phosphorus (P) ________ _________.___________ ____ ____ _. ________ _ :3. 0 
SeleIlium (8e) ______________ ____________ ___ ____ ._ _. ____ __.01 
Zinc (Zn) ___ __ _____________ ____ _____________________ _ . Hi 

The floor of Devils Lake is eornposed mostly of clnyey silt except 
in certain parts of the lake, particularly Creel Bay, where the floor is 
covered with a black ooze fr0111 sewage. Densit,y and size aW11yses 
are given in the following ttl,ble for six sa.mples of liJ,kel)(~d sediments 
fronl different pnrts of the It',ke. 

Density and size analyses of lakebed sediments 

Density 
Location (g/mlat 

20° C ) 

SW~ sec. 7, T. 15:3 N., R. 64 \V __ 2.51 
8E~~ sec. 24, T. 15:3 N., R. 65 W_ 2. 58 
SE~~ sec. 31, T. 15:3 N., R. 64 W_ 2.6:3 
8W~~ sec. 1, T. 1.52 N., R. 65 W_ 2.66 
NE~~ see. :H, T. 15:3 N., R. 65 \V_ 2.63 
SE}~ see. 3t3, T. 15:3 X., R. 65 'V_ 2. 57 

Percent in indicated size range 

ColloidalSand I Silt 2 Clay 3 clay ~ 

:~. 8 52.7 12.9 ~30. G 
:3. 3 70. 8 7.8 18. 1 

99.8 - - - -- - - - .... - --- - - ­

7. 1 57. 2 8. 8 26.9 
!l7 	 60. ~J 10. 2 If). 2 
.9 52. f) 11. 3 :34.9 

I l.O-{).0625 mm. 2 O.062i5---{).OO:39 mm. 3 O.OO:39---{).00195 mm. I <0.00195 mm. 

The chenlical and physical properties of water in Devils Lake ,,-'-e1"e 
nlOdified considerably in 1950, when, during the water year ending 
September 30, 1950, precipitation wns well above average (fig. 2) 
and Devjls Lake rose about 8 feet. No larger rise during anyone 
year is known. The nlixing of lake water with runoff, nlOstly snow­
nH'lt, improved the quality of the water (fig. 1:3). By December 9, 
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_FIGURE 13.-Effects of fluctuation in stage on chemical character of water in Devils Lake, 1948-52. 

1950, the salinity of the water (6,990 ppnl) had decreased Inore than 
50 percent since June 18, 1949-the last clate that sanlples 'were col­
lected during that year. The concentration of dissolvtlcl solids in 
19 sanlples obtained in 1950, ranged from 6,130 to 8,140 ppm. The 
lake water was less alkaline Illuch of this tillle; the pH dropp d to 
7.5 in the llliddle of Junc. 
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DEVILS LAKE 

In Augu t 1 ral small springs ncar Devils Lake were visited 
t.o obtain information on ground-water discharge. The waters w r 
much fresher than Devils Lake water, but flows were small. Esti­
mated discharges and general properties of three spring wat r ar " 
g v n in the following table. 

Propertie ' of spn'ng waters near Devil.,; Lake 

Parts per million 

Esti- DissolvedDate Hardnessmated pH solidsmpled r Loration oJ spring as CaCO.flow (residue(1950) (gpm) (ea icium •. 
011 evap­ magnoration sium.at 1800 .)I1--­

1 I i.2 808Aug. 1 I Fort Tot! n Indian Rcservation__ 296 
1 East Bay of Devils Lake ____ ____________ 7.3 11,000 637 
3 :Fort Totten Indian Reservation__ 2 7.5 398 258 I 

tUfl . 

, ~ any years ago, certainly in 1867 when Devils Lake as t),t i 
highest lmown level of 1,4:38 feet above lllean sea level, the water in 
tlH:l lake wns fresh; nnd the proportions of calcium and bicarbonate­
to othel' ions llUISt have been much greater than in 1953. Incrus­
tations on rocks and pebbles now exposed along the shore are es 
tiaUy calcium carbonate, as shown by the following analyses of 
incrustations fronl three rock specimens . 

Jl­

alt. 

. 4.nalY8es of salt incrustations on exposed rocks 

Date 
pIes 

I 50 
Type of ma terial Location 

Percent eal­
cium carb n­
ate (Ca' I) 

Au!!. 1 '-' 2 

2 

Cobble ____ _______ 
Cobble _______ ____ 
Pebhle___ ________ , 

i 

Near mouth of Creel Bay________ __ _ 
South shore of lake ________ _____ __ _ 
We t shore of lake ___ _____ .. _____ _ _ 

9 . 3 
9 '. 5 
6.3 

----------------------~~--------------------- -----~.--------

early 1:1ay of 1951 Devils Lake reached a level of lA15.5 feet1 
the highest in 27 yea,rs. This altitude was 14.6 feet above the 1 w 
level of 1940. The salinity of the lake water on l\Iay 22, 1951, " 
6,680 ppm; the conlposition of the dry solids showed slight in ea e , 
Co mpared t.o the sample takcn during 1948, in c .l iunl and ca,rb na I 

H tl r suIt. of dilution by fresh waters fronl 1Iauvais Coulee during 
thl' period of 1949-51. To illustrat.e these changes the analyses f 
191 1 (Daudt. 1911) and 1948 arc retabulated, together with (,he· 
n ,} sis of N1a.v 19.51. 
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Percentage composition of Devils Lake water 

1911 1948 1951 
Calcium (Ca) ______ ___ ______ ______ __ __ __ _______ _ ___ __ _ O. 4 1.3 
Magnesium (Mg) _______________ ___ _______ ____._ _ 5.4 5. 7 4. 3 -" ~1f 
Sodium (Na) ______________ ._______ _____ ________ 25.9 24. 7 24. 7 
Carbonate (CO ) ____________ ___ _ . __ . ________ ____ . 4. 2 
Sulfate (80 ) ______________________ _. __________ 54.1 I 

a . 2. 9 4.3 
4 54.4 51. 6 

Chloride (CI) ____ _____ __________ ___ ._ ______ ____ _ 10.5 11.5 11. 2 

Salinity______ _________________ ___ _.. ___ __.ppm__ 11,278 25, 000 6,680 

'The Inke level declined grndua.lly from the end of 1\.1ny 1951 to 
Decenlber 1952; and on January 11, 1953, the altitude of Devils Lake 
(1,412.5 feet) was 3 feet below the peak of 19.51. Analyses of the 
water in l\.1ny ana October 1952 show salt. concentrations of 7,300 and 
8,680 ppm, respectively, and the present trend (1953) is a general 
decline in lake levels and a gradual increase in salinity of the water. 
The density of the lake water in 1\.1arch 1952 was 1.004 grams per 
milliliter at 20° C. 

The chemical and physical properties of water in Devils Lake from 
late 1948 to October 1952 are smnlnarized as follows: Salinity has 
ranged from 6,130 to 25,000 ppm, and the lake \vator has been mod­
erately to very alkaline; concentration has varied according to volume 
of lake water, but the chelnicnl character as shown by the percentage 
composition of nlineral constituents in the water has renlained uni­
fornl; and a slight modification in proportion of constituents followed 
periods of high inflow of l\./Iauvais Coulee water. The analyses of 
saInples that were collected from 1948 to 1952 arc reported in table 6. 

SIXMILE BAY 

Sixmile Bay opens into the northwest part of Devils Lake. The 
water in this bay is moderately alkaline and is about one-fourth to 
one-six:th as mineralized as water in the main part of Devils. Lake. 
The eoncentration in 3 sanlples of water that were collected in 1949 
and 1950 from the bridge on State Route 19 ranged fronl 1,600 to 
2,320 ppnl. Sixmile Bay also receives drainage water fronl H, slnall 
area to the north of the bay, and this local inflow also dilut the 
water. Analyses of water in Sixnlile Bay arc given in tabl 7. 

EAST BAY DEVILS LAKE 

East Bay Devils Lake during recent years has been a dry In.k:ebed 
except for Black Tiger Bay and scattered Inarshes. Early I' cords, 
from 1899 to 1920, of the concentration of salts in East Bay Devils 
Lake show a range of 8,471 to 62,929 ppm (Young, 1924). Although 
most of East Bay Devils Lake was dry in June 1949, a wat-PI' " . rnple 
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43 M ISSION BAY 

was collect.ed from Bla,ck Tiger Bay and the salinit.y nleasured as 
14,000 ppnl, which was the sanle as in Devils Lake at that tinle. 
The chemical charact.er of water in Black Tiger Bay was almost 
identical to that in Devils Lake; an analysis of the water in Black 
Tiger Bay is reported in t.able 3. 

MISSION BAY 

The small irregularly shaped bay extending frOI11 the southeastern 
part of Devils La.ke is ~1ission Bay. ~\'l uch of its former area has 
been cut off as tho lake lovel declined. Records £rOI11 1907 to 1920 
report salt concentrations that range from 9,218 to 48,179 ppm 
(Young, 1924). Ana]yses by the Geological Survey of 4 samples 
that were collected' frOID June 1949 t.o October 1952 show a concen­
tration range of 9,340 to 59,300 ppIll. (See table 7.) This nlaximuID 
concentration was for a s~unple taken under thick ice. The water in 
Mission Bay resenlblps water of Devils Lake in chemical character. 

EAST DEVILS LAKE 

East Devils Lake is an inlportant wat.erway iu the lake syst.em 
that begins with Devils Lake and ends with cast St.ump Lake. At 
one tinle East Devils Lake was part of Devils Lake, and East Bay 
Devils Lake was the connection between then1. Recession of Devils 
Lake detaclwd numerous bodies of wat(~r, of which East Devils Lak 
is one. 

According to Young (1924) the concentration of salts in the water 
of East Devils Lake (or I ... anlOreaux Bay as it was theu I lown) wa 
14,932 ppn1 in 1919, slightly higher than that of Devils Lake. Thirty 
years later, in 1949, the salt concentration of East Devils La,ke was 
41,100 ppm, which was alnlOst 3 times that of Devils Lake. The 
latter lake benefited fronl tinle to tinle fronl inflow of fresh water; on 
the other hand, East Devils Lake, which lies a.t a lowcr altitude and 
has it very flat bed, received little drainage f1'OIn surrounding land. 

On June 18, 1949, samples we're collected at several points in E ast 
Devils Lake. Soundings and water tenlperatuT(,s were recorded. 
Analysis of these samples showed that the qnality of the wat.er was 
remarkably uniform t.hroughout the lake. The concent.ration varie 
by 800 ppm., fronl 40,500 to 41,:300 ppnl (fig. 14). The differen 
b tween a top and a bottom sa pIe w , I10gligible, and the maximllill 
sounding obtained in the shallmv lake , as 6 fc 't. '1'h a r ge 
density of the lake water was 1.0:H 0T 3111S per lnillilit.er at ::Wo 
The properties of the water apPl'oxjmat.ed thos(" of D evils Lak e. c pt 
that the water in East Dc'vils Lake was I110re alkaline and rnineraliz d. 

NleaslU'emcn ts of salt ooncentrations of 5 samples that, wt're colle t d 
in 1950 to 1952 ranged fronl 35,300 to 62,000 ppm. This wat,er wa 

326053-55~4 

http:apPl'oxjmat.ed
http:lnillilit.er
http:charact.er
http:collect.ed
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FWURE 14.-?-"[ap of East Devils Lake showing areal concentration of salts in parts per million, June 18, 1949. 



45 "WESTERN STUMP LAKE 

·decidedly alkaline; a pH of 9.0 was reported on October 2, 1952. 
Changes in density with concentration are shown in the following 
tabulation: 

Dens£ty of water in East Devils Lake 

ConcentratioN 

Date 
0/ salts 
(ppm) 

Densitg 
«(/{rnl at toOC) 

Aug. 1, 1~50 ____ ____ _____ ________ ._ _________ 35, 300 l. 027 
Oct. 6, H)5L ___ __ ____ ______ _____ _._______ ___ 40,100 l. 032 
Mar. 28,1952___ ____________ __________ ___ __< 62,000 l. 049 
May 14,1952 ____ ______ .__ ___ ____ ____ ______ _ :38,800 1. 030 
Oct. 2,1952___ __ _______ ____ ___ __ ________ ___ _ .52,600 1. 043 

A sample of bed sediment near the center of the lako floor was 
examined for particle size. This material ,vas classified as clayey silt 
()n the basis of the following analysis: 

S1:ze analysis of lakebed sediment 

Size range Percen l 

Sand (1.0-0.0625 D11n) _ _ _ _ _ _ _ __ _ _ ____ _ ___ ___ _ __ _ _ ._ _____ _ __ . ~~. 5 
Silt (0.0625-0.0039 mm) __________________ _________ _______ __ __ 54. 4 
Clay (0.00;19-0.00195 mm) ____ ____ ____________ _____ ____ _____ __ 11. 0 
Colloidal clay «0.00195 mm) _ __ ___ ___ ______ _________ ___ ____ 30.1 

Density _____ ____ __ ____ ____ __ _______ ______ ___g/ ml at 200 2. 60 

Exposed rocks near the shoreline of East Devils Lake show salt 
incrustations (pI. 4), which were identified as caleareous deposits. 
Samples of incrustations obtained fronl rocks along the north and 
west shores contained 98.9 and 98.7 percent, respectively, calcium 
carbonate (CaeO 3)' 

No springs having appreciable flow are known t,O feed East Devils 
Lake. A smn.ll seep, which is believed to have flowed into the lake 
at one tinle, had a salt concentration of 948 ppm, much less than that 
of the lake. Analyses of water in East Devils Lake fl'on1 1949 to 
1952 are listed in table 8. 

WESTERN STUMP LAKE 

Through reeessioll of lake levels, Stump Lake separated many years 
ago into two lakes, which are now divided by a highway embanknlent. 
The two lakes are approximately 10 miles sout.heast. of East Devils 
Lake. Th(-~ Federal government has set aside several islands in west 
Stump Lake as a wildlife refuge for game birds and migrat.ory fowl. 

The chemical character of the water in west Stump Lake is similar 
to t.ha t, of water in other major lakes of t.he closed basin including 
east Stump Lake; however, t.he concentrat.ion of salts is lllueh less . 
""Vith the (-~xception of a single su.luple that was collectod under ice in 
Nlar 1952, the salt. concentration of this lakf' l'angrd frolll 2,410 to 
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48 CHEMICAL Q LI'l'Y OF SURFACE WATERS, DEVILS LAKE BASIN 

8,860 ppnl during ~/lay 1949 to October 1952. 'Vestern Stump Lake 
receives considerable inflow from Swan and Coon Lakes and indir tly 
from Rose Lake to the north. These smallcr lakes arc relati ely 
fresh (table :3) , alld overflow from them dilutes the Inore concentrated 
water of west Stump Lake. 

On June 16, 1949, a detailed study of west StUlnp Lake was m e 
to determine the character of the water. The lake water w ver. 
uniform in quality . (See fig. 15.) Sanlples ranged frOlll 5,950 to 
6,090 ppm (140 ppm difference). The maximmll depth was 3 f t , 
and the concentration of salts near the surface was about 1 per cnt. 
less than near the bottOlll. Density of tho water at this dat , wa 
1.001 grams per milliliter at 20° C. Analyses of samples for t.he 
period ~lay 194'9 to October 1952 are listed in table 8. 

A sample of bed sediment from the bottom of west Stump Lake 
was classified as clayey silt and consisted of 2.7 percent sand, 50 .5 
percent silt, 12.3 percent clay, and :,4.5 percent colloidal clay. The · 
density of the bed deposit was 2.60 grams per milliliter at 20° 

EASTERN STUMP LAKE 

Eastern Stunlp Lake is the end lake of the D evils Lake chain .. 
As such, this lake at one time re.ceived all flows that originated ill 
the upper basin. It now eatches snlall local inflows, and the lake 
water is the nlOst brackish of major sm'face supplies in the re<Yion. 
Conlpn,red with sea water (3.5 ,000 ppln) the lake water is at some 
periods 2 to 3 times as salty. 

Aceorcling to Young (1924) the concentration of salts in Stump· 
Lake (before lake segmentation) was 19,000 ppnl in 1912 and 25,450 
ppm in 1923. Analysis of the water in e.ast Stmnp Lake by the ' 
Geologieal Survey in ~(la'y 1949 showed a salt concentration of 7,000 ' 
ppnl. Concentrations in the wat.er OIl 10 sampling dates from 1949 
to 1952 ranged from 43,900 to 106,000 ppm. Densitirs varied with 
coneentra,tions as shown in the following table: 

Density oj waie1" in east Stump Lake 
D ,,­

COl/centra- sitll 
firm of (g/ml 

salts at 20° 
Dale (1)pm) C) 

May 19, 1949 ________ _____________ _ . ______ ______ ____ _ _ 87, 000 1. 08T 
June 16, 1949 ________ __________ __ ______ ____ ___ _____ _ _ 95, 100 1. "8 
June 14,1950 ________ ___ ___ ___ ___ __ __ ___ _____ _______ _ 4:~ , 900 1. 030 
Aug. 1, 1950 __ ______ _______ __ ______ ... _____.__ ___. ______ _ 63, 900 1. 050 ' 
Sept. 26, ]950__________ ____ ________ _______ __ ____ __ __ _ G5, 200 1. 056· 
May 23, 195L ______ ____ ... _ ___ ___ _____ __ H2, 600 . 0.52 
Oct. 6, 195L__ _______ _______ _____ __ ________ ___. __ . ____ _ 79, 800 1. 067 
Mar. 29, lU52 .... .__ __ _______ _____ .. ____ ____ _______ __ ____ _ 106, 000 1. 086 
~Iay 1:3, 1952 ____ __ ____ ___ __ _.. _ _ _ _ _ _____ . ___ ____ _____ _ 68, 900 1. 057 
Oct. 2. H)52 __ ___ ____ .. __ __ ___ ____________ __ _____ _____ _ 96, 000 1. 083 
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50 CHEMICAL QUALITY OF SURFACE WATERS, DEVILS lAKE BASIN 

A salinity Ul'V~y of east Stump I ..ake was Illade on June 16, 1949, 
-and samples re collect d at 16 points in tJw lake for analysis; 
at some points both surface and bottom sanlples were obtained. 
Soundings and water tenlperatures were recorded. The concentra­
tion of salts in the lake water was fairly uniform in cross section 
(fig. 15); the nlaximunl deviation from the average concentration was 
less than 4 percent. The concentration of salts neaT the surface was 
approximately 7 percent less than near the bottonl in one set of sanlples 
but only about 4 percent less in the others. Nlaximml1 depth nleasurecl 
w as 6.8 feet. 

The chemical character of the water is siIl1ilar to that of Devils 
Lake. The primary difference is greatpr coneelltrat,ion of salts. 
(See tables 6 and 8.) In dry periods when water losses are high, 
evaporation from east Stulnp Lake leaves considprable salt on the 
shores and lake floor. 'Vind at tinles sweeps these salt deposits into 
the air in a manner reIniniscent of the dust stornlS of the 19:30's. 

Three samples of tllE' lakebed sediments were examined for particle 
size. These sediments are classified as clayey silt. Results of size 
analyses appear in the following table: 

Dens£ty a'nd size analyses of lakebed sediments 

Percent in indicated size range 
Dcn~ity 

Location (g/ml at 
20° 0) 0011oidal Sand I Silt' I Cl.y' clay' 

NW7~ sec. 27, T. 151 X., R. 60 
'V_ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ 2. 68 O. 6 58. 7 11. 5 29. 2 

NE% see. 32, T. 1.51 N., R. 60 
W _________________ .. _ _ _ _ _ _ _ 2. 66 29. 6 

NW7~ sec. 17, T. 151 K., R. 60 
1.4 55.0 Lt 0 

W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ 2. 66 2.6 49. 2 ]4.6 33. 6 

I 1.0--0.0625 mm. 2 0.0625-{).00.39 mm. 30.0039-0.00195 mm. i <0.00195 mm. 

Rocks and boulders encrusted with salt deposits are exposed 
along the shores of the lake. These deposits are calcareous and 
identical to those previously discussed. An a,nalysis of a salt crust 
from a rock on the southwest shore of east Stump Lake showed 
99.3 percent calcium carbonate. 

MISCELLANEOUS LAKES 

In June 1949 nUluy smaller lakes 'were sampled to st.udy tlwil' 
properties and general character. SOIne of these lakes at one time 
were part of Devils Lake. Analytical results and salnpling point 
locations are given in tables 3 and 4. 

Cranberry Lake and \iVood Lake contain waters of distinctive 
properties and are described in the following paragraphs. 

http:0.0625-{).00.39


51 MISCELL~~EOUS LAKES 

Cranberry Lake.-Ctanberry Lake is 40 miles we.st of the city of' 
Devils Lake and a short distance north of EsnlOnd. The water 
from this lake flows intenuittently through a sluall coulee into the 
Sheyenne River; Cranberry Lake, however, lies in the saIne physio­
graphic province as the lakes in Devils Lake basin and is, ther efor , 
inelud(::.d in this report. The lake water has peeuliaT properties and 
differs markedly frOln waters in the, Devils Lake complex. Cranber 
Lake water is strongly alkaline; in 4 saluples the pH ranged from 9.6 
to 9.8. This wnter 1S esscntin,lly n Inix:ture of the ea.l'bonat(:~s, bicar­
bonates, and sulfates of sodimu; unlike lake waters to the .. st, 
Crnnberry Lake \\ ater is very soft. On the basis of the 4 sample 
that were collect~~d from June H)49 to October 1952, the specific 
conductance ranged from 14,400 to 36,600 micrOlnhos at 25° C , 
hardness as CaC03 ranged fronl 31 to 67 ppm, and density of the 
water ranged fronl 1.008 to 1.030 gra,ms per lnilliliter at 20° C. 
Analyses of sa,nlplf's are reported in table 9. 

TABLE 9.-Chemical analyses of waLer 1:n Cranberry Lake 
[Analytical results in parts per million except as indicated] 

Date of Tcmper- I Silica I Iron Calcium M~gIle- 1 Sodium P?tas- I Bicar- Carbon-
collection a(~l~. ,~. (Si02) I (Fe) (Ca) Slllm (Na) SlUm I bonate a te 

1: (Mg) , (K) I (HC03) (003) 
-----------­- - - - .-----­--­

19,.9
June 17___ 56 22 0.02 4.0 5.0 8.220 6ii 2,250 I 3, 270 

1950
Aug. 2____ ---------­ I 27 .02 2.0 15 4,340 74 1,500 1,580 

195£ 
]\l[ay 15 __ _ 
Oct. 3 ____ _ ~ 11 .10 2.0 ------:.-~- l ----~'-~~- 138 3,600 3, 010 

Date of collection 

194·9Jmw 17__ ____ _____ _____ __ 

1950
Aug. 2__________________ _ 

1952 

9,730 

5, 060 

Chloride 
(el) 

591 

347 

Dissolved solids I I I 
----,---- nardnes~ ~t~3~~~, 

:\Titrate I as Cu;COa, tance I 
- r Residue I (calCIUm, (micro­ pH 
(N 03) on cvap- I c. m.agnc­ mllOS at 

oration durn )
at 1800 C slUm 25° C)

1--­-­- - - --­-
2. S 23. 500 23, 100 31 25,600 9. 8 

.4 12,4{)O 12, 200 (j;" 14, 400 9. 7 

l\,Iay 15__________________ 10,500 668 5.8 25, 000 24,800 46 I 27, 500 9. Oct. 3 ___________________ ___ __.. ____ __________ __________ _____ ___ ___________ _ 'i9 36, 600 9. ~ 
. 

TVood Lalce.-vV'ood Lake, a popular fishing resort a.bout 15 miles 
south of the city of Devils Lake, is a fresh-wnter lake. The water is 
moderately alkalin<-' and fl, biearbonat.e type. Sanlples collected from 
~'1ay 1949 to October 1952 ,,,,ere low in nlineral content.. The ranO' 
in concentrat.ion of dissolved solids of 4 sa.lllples was :362 to 407 ppm, 
and the range in harchwss was 268 to 294 ppIll. Anslys ~ of samples. 
are listed in table 10. 
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TARLE lO.-Chemical analyses of water 1:n Wood Lake 

[Analytical results in parts per million except as indicated] 

Potas­ Bicar­ Carbon·Date of Tem~er­ Silica Iron Calcium ~fJ~e- Sodium sium bonate ate(Fe)(Si02)collection (!~~) (Ca) (Mg) (Na) (K) (HCO.) (COa) 

Ma~1t__ ____ __ __ __ 12 0.02 29 52 25 ! 13 297 ro 
June 16___ 71 13 .08 27 55 27 ! 9. 6 316 

195! I I I 

308 
 10~~yi_':: :1- -- -- --;,-- - --_13_--- -- _:04__ _28_1____:,, 1 _"'_1_-- -- ~:--­ 3:~6 

Dissolved solids SpecificHardnessI conduct-Nitrate - ------ USCUC03 Date of Sulfatc Chloride Fluoride anCll pH. (Cl) (F) (N03) Residue ~~~~~C~l , (micro­collect.ion (804) 
mhos at 

250 C)
O!:ti~~­ Sum sium) 
at 1800 C 

1949
May 19_____ 1 70 0.2 407 :377 286 719 8.66.0 0.3
June W ____ _ 647 8.272 7.5 .2 1.5 384 379 294 

1955 
May 15_____ 54 6.5 .2 1. 6 629 8.4376 351 268Oct. 3 ____________ _____ 1_________ _ 610 8.1362 274 

I 

SHEYENNE RIVER 

Although a connection between the Devils Lake basin and t.he 
Sheyenne River does not exist at. the present tinle (1953), proposed 
plans for restorat.ion of lake levels include the outflow of east Stump 
Lake water iuto the Sheyenne River. The present quality of water 
in Sheyenne River, therefore, should be deternlined for future studies. 

Analytical records of water in t,he Sheyenne River at Sheyenne 
from NIarch 30, 1949, to Novenlber 17, 1950, and near vVarwick fronl 
January 8, 1951, to September 30, 1952, are reported in tables 11 and 
12, respect.ively. Additional data obtained in 1949 for other stations 
on the Sheyenne River nnd on the Red River of the North are listed 
in table 13. 

CONCEN1'RATIONS AND TONNAGES OF DISSOI..VED 
SOLIDS IN LAKE 'VATERS 

Concentrations of dissolved solids and several constituents in the 
waters of Devils Lake and of some other 1akes in the Devils Lake 
basin have been determined occasionally beginning in 1899. Th s 
concentrations of dissolved solids together with known volumes of 
water in the lakes have been used to compute the tonnages of dissolved 
solids. The voluilles of water and the tonnages of dissolved solids 
are discussed by individual lakes. Estimates are given for the possible 
eoneentrations of dissolved solids if the lakes are filled to a higher level 
by diverting water into them. 
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53 SHEYENNE RIVER 

TABLE 11.-Chelflical analyses of water in the Sh ven ne Rive,. at SheJjenne 

[Analytical results in parts per million eXCl'pt as indicatad] 

CalciumD ate of DiSChargel Silieu Iron 
collection (efs) 

----1---·- ­

1949 
Mar. 30... 5.0 
Apr . 7__ ._ 1,340 

M ay2.... 
 63 
-June 13.. _ 25 

July 30. __ 
 .1 
De . 2_ ... 1.3 

19.50 
~eb . 3.. __ .01 
M ar. 30... 30 

Apr. 19_._ 
 2,280 
Jun 2.•. _ 130 
.Jun 23_._ 149 
Aug. 2__ ._ 8. 

cpt. 1_ .. 

Oct.. H._ _ 
 . 9 
Nov. 17__ . Ii 

l)ate of collection 

Mar.30. 1!!!
_ __ __....__ 


(Fe)(Si02) (Ca) 

0.06 10330 I ]4.0410 
.0221 36 

13 .02 25 
.0611 28 

]5 48 

12328 .04 
13 .02 20 

20171 .30 
5019 I .04 

16 : .10 54 
.04 7731 I 
.02 44 

9202 
.04 1 54 ~~ 24 I . 

Ct".,;d, Flu.dd, i Nit" " 
(Cl) (F) (N03) 

--45--:
A pr. 7___ . ________ ._._ _ 2.0 .0 2.5 
May 2.______ .________ _ 9.0 .2 1. 6 
June 13. __________ . ___ . 19 .2 1. 3 
July 30_. ___ _. ___ . ____ . 25 .3 I 3. 8 

e . 2_______ . ___ .. _.. _ 21 .3 

1950
F eb. 3__ ____.. ____ ____ _ 
M ar. 30 __ _________ ._. _ 
A pr . 19____________ ._._ 
June 2_____ ._. _____ _. __ 
June 23_______ ___ ._ .. __ 
A ug. 2_. _____ ._. ______ _ 

ept. L ____________ . __ 
Oct. H __ ___ _. ____ . __ . _ 
Nov. 17 _____ . _____ ____ 

59 
5.0 
1.0 

12 
]8 
15 
24 
18 
20 

.6 

.2 

.2 

.4 

.2 

.2 

.6 

.2 

.2 

3. 6 

2.8 
2.8 
2.3 
2.3 
.7 

3.4 
3. 3 
2.0 
2.3 

M~gne-
(~1~) 

96 
5. ;) 

21 
40 
35 
4:3 

104 
6.7 
5.8 

27 
' 3 
32 
:~9 
38 
43 

Sodiu 
and po­
t ssium 
( Ta+K) 

304 
11 
78 

138 
2li 
155 

412 
;10 
14 

107 
1;)4 

76 
165 

J 

159 

Bicar­
' nIratebonate Carbon­
(SO.)(HC03) ate l 3) 

1,120 
62 

276 
1156 
.500 
524 

1, :170 
112 
98 

360 
472 
390 
520 
HO 
552 

Dissolved solids 
1---,----1 Hllrdness 

as CaC Oa 
Residue (cal ilun, 

magne­o~:~~~. Sum shun) 

at 180° C 


-~I-=--]':-I·--6~2 

HI 101 
444 407 
678 608 
802 784 
760 709 

1,850 1,810 
190 172 
154 128 
.552 542 
706 692 
586 567 
724 708 
672 653 
744 740 

58 
177 
227 
214 
297 

7:~5 
78 
74 

236 
270 
:324 
271 
386 
310 

. ­

o 
o 
o 

3:3 
16 
o 

Specific 
conduct· 

ance 
(miero­
mho~ a t 

2!)O ) 

2,170 
169 
647 
980 

1,200 
1,040 

2,500 
274 
201 
8:32 

1,030 
875 

1,090
961 

1,100 

311) 
25 

10? 
14t1 
202 
165 

404 
39 
19 

147 
183 
140 
158 
153 
165 

pH 

7.6 
6.9 
7.4 
8.6 
8.4 
7.11 

7.7 
7. ::; 
7.1 
8.0 

. 0 
7. {} 
7. {} 
8.U 
8.0 

1 M ean daiJy discharge. 

Tonnages of dissolved solids, U" computed for this report were 
usually based on concentrations of only 1 or 2 samples for anyone 
tilue. However, during Jup.e 1949 nlany samples 'were collected from 
orne lakes. These sanlples show slight lateral variations in Devils, 

East D evils, and Stump Lakes. (See figs. 12, 14, and 15.) Although 
·one ample is usually fairly representative of the concentration in the 
entire lake, one sample alone will not always give a wholly dependable 
average concentration for the lake. Also, sonle samples were not 
completely analyzed, and for these sanlples the figure for dissolved 
solids is residue on evaporation at 180 0 C. The figure for dissolved 
olid for other san1ples is the sum of the determined constituents. 
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Volunws of wa ter in D vils Lake, East Bay Devils Lake, 
Devils Lake, west Stump Lake, and east StuD1P Lake \1,T('re determin cl 
froDi a carefully prepared capaeity table for eaeh. Contour lin of 
the land below the lake surfae(:~ were defined by soundings that were 
Dlade when recent (1950-52) topographic maps were b(\ing prepared 
plus a few additional soundings that were made speeifieally for this 
investigation. The reeent topographic maps were used to determine 
areas above the water surface and within each contour line. For .ach 
lake, the areas within contour lines both above and below the watf''[" 
surface were planinletered up to an altitude of 1,430 feet. These 
areas were plot.ted against altitude to obtain an altitude-area curve. 
This curve was then used to define an altitude-capacity table and the 
corresponding altit,ude-eapacity curve. Figures 9 and 16-19 are the 
altitude-area and altitude-capacity curv s for the fivE' nlajor lak . 
areas in which tonnages of dissolved solids arc now or have been vory 
large.. The altitudes for these figures are above lll<'an sea level, 
daturn of 1929. 

The t11titude-cl:lptLcity curves will be changed very slowly by sedi­
ment inflow to the lakes. Velocities in the inflow channels arc low~ 

and Inuch of the inflow passes through upstlrennl lakes. Smne du~ 1. 
from t.he air will collect in the lakes, but the rate of aeeumulntion will 
hr slow. 

Firm plans for the restorat.ion of Devils Lake and the other lakes 
of the Devils Lake chain have not yet (1953) been reported. In order 
to estimate possible concentrations and tonnages of dissolved solids 
in these lakps if they are filled, thp following assumptions have been 
made: 

1. The lakes will l.w restored in downstremn order, each one iu<r 
filled to its plaulH'd eapaeity before any water is released to the n xt 
lake except that the two arms of Stump Lake will be raised co ew'­
rently at least, above approxinul,tely 1,404 feet. 

2. The restored altitude for each lake will be 1,425 feet, althou h 
Stunlp Lake would, of cours<" be at least a liUle lowl'r thnn E a t · 

Devils Lake . 
:L Tplnporary elumgcs in ground-wtttcr st,orage a,djaccnt, to tIt 

lakes will be snul.ll ('no ugh to be disregarded while the In.kes an~ filling, 
a.nd the loss of dissolved solids to tlw ground water during filling ttl 0 

ean be disl'egarcl(\d. 
4. Quantities of dissolved solids in the natural inHo,,,, to Ea t a 

Devils La.kp, East D('vils Lake, and Stunlp La.kp w..ill be so . 1 II in 
cOIl1.parison to otlH'r sources of dissolved solids thnt they n b 
disr (J'a.rded. 

5. The dissolved solids in the water to be divei·tl'd to the 1 k .\~ vill 
not react chemica.lly to cause either precipitation or re(lissolvil g of 
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sn,lts at appreciably different rates than haVE~ OC('UlT(:'d in the past in 
the waters of Devils Lake. 

6. The dissolved sblids III each In,ke will be , dis ribnt d II a.d 
uniformly. In porti ular th e In,kes ""ill not. h e stratifH' (t to < , . ' 

appreciable ('xt(:'nt. 

7. Nct. evaporation, the Jiffcl'cner bet,ween tot al eVtlJJoration a,ntl 
precipitation, from the lake surfnce will nY('rag(' about ()70 a.ero-feet 
per square mile per year. 

S. Inflow to the lakes will average a,bout 12.:3 acrn-f('t't ~mnllall,Y 

per square mile of dra,inage area. 
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}'IGURE l7.-Area and capacity Cllnres for East D(wils Lake. 

9. Both rate of diversion and concentration of dissolved solids in 
the diverted water will be treated as though they are constant. 
Actually the diversion Inight he made during only pn.rt of the year. 
Probably the effe t, of variat ions in the concentration and in the rate 
of diversion into D evils Lake would not ehnnge the conlputed esti ­
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mates materially. Computations are made for a diversion into 
Devils Lake of (A) 180,000 acre-feet per year, which is equivalent to 
250 cfs throughout the yea.r or 500 cfs for 6 months, and a concentra­
tion of 800 ppnl of dissolved solids; (B) 180,000 acre-feet per year and 
a concentration of 500 ppm; and (C) 90,000 acre-feet per year and a 
concentration of 800 ppnl. The assumption of 800 ppm is made with 

:{26053--55--o 
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the idea that the di r d water ,vill conlC from the IVIissouri River 
but will havc dissolved solids concentrated by evaporation during 
transit and also Ill. b partlly return flow from il'riga,tion. 

Since the computations based on these assumptions were made, 
the Bureau of Reclanlation (1953) has relea.sed proposcd plans for 
supplying Devils Lake with 77,500 acre-feet of water annually through 
a canal to be designed to carry 370 cfs. 1iluch of the water would be 
return flow from irrigation. The dissolved-solids concentrat.ion of 
the water in the proposed canal would be alulOst ill1.possiblc to esti­
mate accurately but. might approximn,te 800 ppnl. 

DEVILS LAKE 

The tonnage of dissolv(-'d solids in Devils Lake (west of State Route 
20) was about 4.2 ll1.illion tons fronl 1899, the first year for which an 
analysis is available, to 1914. By 192:3 the quantity of dissolved 
solids seemed to have decrcased a.pprecia.bly to about 3.8 million tons. 
(Sec ta.ble 14 and fig. 20.) Probably t.he actual tonnages did not vary 
as much b(~tween consecutive sampling times a.s the samples seenl to 
indicate. In particular, the dissolved-solids concentration reported 
during 1902 is a]most certainly not reprcsentat.ive of the average con­
centration of th . lake watt'r. Also in 1V1arch 1952 the coneenh'ation 
appears high, probably becausc the samples were taken when there 
was abou t. 3 feet of icc on the lake. 

No analyses of sanl pIC's were available from 192:3 un til 1948 when 
a more intC'nsive invest.i O'ution of the chemieal quality of the waters 
of Devils Lake basin was 1egun. Samples taken during 1948 and 
1949 and the volumes of wnter in the lake n,t the times of sampling 
indicate a t.otal dissolved-solids contcnt. of about 1.1 million tons. 
Thus more than 2.5 nlillion tons of dissolved solids disappeared from 
the waters of Devils Lake between 192~3 nnd 1948. (Seo fig. 20.) 
The natural outlet of the lake probably was at a.bout an altitude of 
1,418 feet or a little less in 1922 before the road fill of State Route 20 
was eonstrllcted a.cross the narrows sout.h of Fort Tott.en Station. 
According to Uw Stat(' engineer of North Dakota, t.he contract for 
t.his road fill was let in 1922. No infonnation has been found on thc 
size or bottom altitude of any culverts thnt might have been installed 
whell the fill was first constructed. In 11ay 1952 no culvert.s were 
found in t.llf' fill. Although some of the 2.5 million tons of dissolved 
solids may hnve been diseha,rged into East Bay Devils Lake during 
and aft.er 1923, probably alnlost all this t.onnage was preeipit.a.ted fronl 
the lake wa.ter in the area west. of State Route 20. The quest.ion 
immediately arises a.s t.o whether this large quant.ity of salts will be 
redissolved if the lake is restored to or above 1,416 feet, the altitude 
in 192:3. 



61 DEVILS LAKE 

TABLE 14.-Appl'ox'imate volu mes of water and tonnages of d£ssolved solids 1:n 
Devils Lake, N. Dak ., 1899-1952 

[A, Young (1924) ; B, Babcock (1903) ; C. Pope (1909. p . 14-15) ; D. Daudt (1911); E, ,\'"erhus, P. 'r., (1920, 
A study of solubility relations of the salts in Devils Lake wa t.(l r: Thesis Of M 'tel' r 'ci. D\'gl'ee, N. Dale. 
Univ., p . 4); F, U. S. Geol. Survey, 1952] 

I
Num­

bel' Datcof 
samples 

Lake 
altitudc 
in feet 

(datum of 
1929) 

Volume 
o! water 

(acre-fc t) 

-
Dissolveu solids 

- ­-­- -­ - - Souree 
of eun­

neell­ quan tit.y c n t ra­
tru\ion liDO" 
(ppm) (tOilS) I 

L ____ __ 1899 ______________ ______ ___ _________ 
L ______ 1902..____________ __________________ 
L ___ .. __ 1906__ __________ ___ ____ _____ .. _____ __ 
L ______ 1907_________ __ ________________ __ ___ 
L __ ____ 1911... ________ _____ ____ _________ .. __ 

21,424.6 
21. 421\. 2 
2 1,423.9 
2 1, 42:3, 6 
2 1,420. 3 

374,000 
:l!J2.000 
353.000 
;145.000 
262,000 

J 8,471 4,310,000 A 
10, 74 1\, 800,000 B 
48,517 4,090, 000 
l 9,448 4, 4~0. 000 

311,278 4,020,000 D 
L ______ 1914 ____ __ ______ _~_____ __ __ __ _______ 
1. ______ 1918_____ __ ____ __ _______ ____ ________ 
1. ______ 1919_____ ____ ____ ___ ____ _____ __ _____ 
1.______ 1920________ __ ____ ____ ____ ______ ___ _ 
L ______ 192;3.. __ ____ ___ __ __ ___ __ ____________ _ 

2 1,420.1 
21,416. \J 
21,418.0 
21,416.9 
2 1,416. 3 

257, OliO 
19:3,000 
214,000 
193, 000 
182,000 

312.092 4,230,000 E 
~ 14,452 :1,790.000 E 
3 Ia.4(i2 3, 920.000 A 
3 1;S,8S9 '1,170,000 E 
3 15,210 3, 760,000 A 

L ______ Kov. 20, 1948 __ __ ___ __ ______ _____ __ _
2 _______ :May 19, 1949 ____ ______ ___ ________ __ 
32______ June 14, 18,1949__ ___ ____ __ ______ ___ 
L _____ _ May 3,1950_______ ____ ___ ___ _____ __ 
L ______ May 24, 1950 _____ _____ ___ ____ ____ __ 

1,404. 2 
I, ·t05. 7 
1,406.6 

- -­ - --­ --­ -­
5 1,411. 2 

. 

37,000 
51,000 
59,700 

---­ -­ -----­
110,000 

25.000 1,260, 000 F 
17, aoo 1,200,000 F 
13.400 I, (1)0, 000 F 
6,I:m ---­ - - - - ­ - ... .. F 

38,140 1,220,000 F 

L ______ , June 8,1950__ ___ ______ _____________ 
L ______ June 1:~, 1950 ___ _____ __ ___ __ ______ __ 
l.. ______ June 15. 1950 ______ _____ _________ __ _ 
l.. ______ June 22, 1950______ __ ______ ________ _ 
2 _______ July 7, 1950 ________ ________________ 

51 413 1 
5 1: 413: 3 
; 1.413.4 
1,4l:~.75 
1.4H. 28 

1:33,000 
13(( 000 
1:37, UOO 
142,000 
150, 000 

37,620 1,380,000 F 
6.870 1,270,000 P 
6,8s0 1,280, (l00 1<' 
7.080 I, :~70, DOO F 
G,760 I, :380. 000 .F 

L ______ Aug. 1, 1950 __ _____ ____ _____ _______ _ 
5 _______ Aug. 2, 1950 _____ __ _______ ________ __ 
l.. _____ _ Sept. 1, 1950_____ __ __ __ ___ .. ________ 
2 _______ Sept. 27, 1950 ______ ___ _____ __ ______ 
L ______ Kov . 17, 1950 _____ __ __ ____ ______ ___ _ 

1. ______ Dec. 9, 1950____ ____ ___ ____ __ _______ 
1. ______ May 22, 1951. ___ __ _________ _______ _ 
L ______ Oct.. 6. 1951 _____ ______ ___ __________ 
2 _______ M a r. 28, 19,52_______ __ _______ __ _____ 
.J May 15. 1952 ___________________ ____
--------1 

L _____ ' Oct. 2, I\J52 __ __ ____ __ ____ ____ __ __ __ 

1.414.59 
1,414. 63 
1, 414.85 
1,414.80 
1,414.82 

1,414. 
1,41 5. 34 
1,414.46 
1. 414. :~l) 
1,414. 27 
1,412. 88 

155,000 
155,000 
158,000 
1511,000 
158,000 

159,000 
166,000 
153,000 

--­ -­ - - ----­
150,000 
1 ;~0, 000 

6,5fiO I, ~SO, 000 

I 

1" 
G,620 1,400.000 1" 
G, 620 1,420,000 F 
1l.340 I. :300. 000 

I 
F 

G,580 1,410,000 1" 

(j.900 I, 1il0.000 F 
li. G80 1,510.000 F 

37, 300 1,520.000 F 
39,OGO -­ - -­ -­ - -­ - ­ F 

7,:300 1,4\10,OUO 1" 
38,680 1,530,000 F 

I Based on 62.5 pounds per cubic foot of lake water; weight varies somewhat with concentration of dissolved 
solids. 

2 Average gage height dming year. 
3 Residue on evaporation. 
4 Total constituent in solution. 
~ Interpolated gage height. 

Since 1949 the total tonnage of dissolved solids in Devils Lake 
has increased considerably. By the end of 1950, the lake contained 
about 1.5 million tons of dissolved solids. and this t.onnage has not 
changed appreciably from then to the fall of 1952. During 1950, 
1951, and 1952, the total inflow to Devils Lake was ahout 125,000 
acre-feet according to the approximate computations of table 2. 
On the basis of 9 samples that were collected fronl 1I1ay to N ovc-mher 
1950 fronl NIauvais Coulee, the concentration of dissolved solids in 
the water that flowed into Devils Lake was assmllcd t.o be 300 ppIll. 
This concentration in 125,000 acro-feet of water reprC'scnts about 
50,000 tons of dissolved solids. Hence about 3;">0,000 (1,500,000 
-1,100,000-50,000) tons of dissolved solids was added to the lake 
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FIGURE 20.-Volume of water and tonna.ge of dissolved solids in Devils Lake. 

water during the 1950, 1951, and 1952 water years by the excess of 
redissolved salts over precipitated salts. However, according to 
these computations, nlore than 2 million tons of dissolved solids that 
was in the lake in 1923 was not in the lake water at the end of 1952. 
Some redissolving of salts might be obseured by the temporary loss 
of dissolved solids to ground-water storage while the lake was rising, 
but the computed tonnage of dissolved solids has not inereased ap­
preciably since the end of 1950 although the lake level has fallen nlOre 
than 2 feet. 

Assume that 180,000 acre-feet of water that has a concentration of 
800 ppm is diverted annually to Devils Lake. The natural inflow 
averages about 12,000 acre-feet arillually and has a coneentration of 
about 300 ppm. Then in round numbers the total annual inflow of 
water would be 190,000 acre-feet at an average concentration of 

http:tonna.ge
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780 ppm. The anllual inflow of dissolved solids would be 200,000 
tons. The differenc in capacity of Devils Lake between an altitude 
of 1,42.5 feet and 1,413 feet, the altitude at which filling is assmned to 
start, is approxilnately 385,000 minus 130,000 or 2;5.5,000 acre-feet. 
If Devils Lake is filled to 1,425 feet in 1.5 years, the net evaporation 
(evaporation minus precipitation on the lake) during filling would 
be about 38,000 acre-feet. The total volull1.e of water required for 
filling would be 293,000 aere-feet, which would equal an inflow of 
190,000 acre-feet per year for 1.5 years. The probable tonnage of 
dissolved solids in the lake imluediately after filling would be the sum 
of the 1.5 million tons now in the lake, plus the inflow of 200,000 
tons per year for 1.5 years, plus the quantity of salts that redissolved 
while the lake rose fronl 1,413 feet to 1,425 feet. The range in 
probable quantity redissolved is estinlated to he 200,000 to 500,000 
tons. Thus, the total quantity of dissolved solids in the lake when it 
was first filled would be about 2.0 Inillion to 2.3 nlillion tons, and the 
corresponding concentrations in 385,000 acre-feet of water would be 
about 3,800 to 4,400 ppm. 

If Devils Lake were maintained at an altitude of 1,425 feet, the 
average annual net evaporation fronl its area of 47 square Illiles of 
surface would be about 670 acre-feet Illultipliecl by 47 or 32,000 
acre-feet. In round figures, the amlual outflow froIn Devils Lake 
would be 30,000 acre-feet less than the annual inflow. :For an as­
sunlCd annual inflow of 190,000 acre-feet of water and 200,000 tons 
of dissolved solids, the annual outflow would be 160,000 aere-feet of 
water and would eventually be 200,000 tons of dissolveu solids. Ob­
viously when the concentration in Devils Lake finally beeomes as 
diluted as the inflowing water can nlake, it, the sanle anlOunt of dis­
solved solids would, on the average, leave the lake as enters it. As the 
concentration in the la.ke and in the outflow at that tilne Blust equal 
approXllllately 200,000 tons in 160,000 acre-feet, the eoncentration 
in both lake (no stratification is assumed) and outflow will be about 
920 ppIll. The quantity of dissolved solids in the lake would, there­
fore) beco111e stabilized at about 480,000 tons and a concentration of 
920 ppm. These cstinlates and conlputations are sUllllnarized in 
table 15. The approximate continuous decrease in concentration of 
dissolved solids in Devils Lake has been computed and is shown in 
figure 21 by years for both the estimated probable nlaximum and the 
estinlated probable minimulll concentrations imnlediately after 
filling to 1,425 feet. 

Two other assumptions of inflow to Devils Lake y diversions 
were also made. One was that the amount of annual diYersion to 
Devils Lake would be 180,000 acre-feet, the same as in the preceding 
assunled rate of diversion, and that the eoncentration would be 500 
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ppIll. The other was that the annual diversion to Devils Lake would 
be 90,000 acre-feet and that the concentration would be 800 ppm. 
Results of computations that were based on these two assumptions 
are also given in table 15. Conlputed elulnges in concentration with 
time are shown in figure 21 for probable maxinllull n,nd IlllIllIllUm 
initial concentrations and for both these assumed rates and con­
centrations in the diverted water. 

Table 15 and figure 21 summarize the cOIllputed results for three 
combiIlations of assmned rates of diversion to Devils Lake and of 
concentration of dissolved solids in the diverted wntel'. Both the 
table and the figure show that the probable concentration immedi­
ately after Devils Lake is filled would be about the same for the 
different assunled eoncentrations and rates of inflmv. The final or 
equilibrium concentrations for the lake do differ considerably under 
the three assumptions. Of course the concentrn.tion in the lake de­
creased faster for the lower assumed concentration in the inflow. 
It decreased much slower for the annual assum.ed diversion rate of 
90,000 acre-feet thnn for the nssumed rnte of 180,000 acre-feet,. 

TABLE 1.5.- Sllmmary of compntations for Dezn:Zs Lalc~ and adjoining lakes of 
annual local inflow, net evaporation, dissolved solids, and water and years required 
to .fill to an altitude of 1,425 feet 

Volume of water Net eva.poration I 
(in aere-ft) Annual (ill acre-ft) .~Va~~' Yl'::n-s 

local _ __~___I J( qUl1 ed r equirl'd
Lake Iinflow I to fil! to fillAt alti ­ onrat)cre- I D l;ino- Annual lake (m I hkeSept. 1952 tude> of fillint a~ acre-rtl . 

1,425 ft 1,420 ftI I I 

ANNUAL INFLOW TO DEVILS LAKE: BY DIVERSION, 180,000 ACRE-FEET AND 195,000 TONS; 

TOTAL INCLUDING NATURAL I""FLOW, ROUNDED, 190,000 ACRE-FEET AND 200,000 TONS 


I 
D evils Lake __________________ 130,000 12,000 38,000 I 32.000 293,000 1.5 
Ell t Bay Devils Lake _______ Jegligible 194,000 1.2180,000 I 3,000 14, 000 i 16,00038'~East Devils Lake ____________ 89, 000 .611,000 98,000 1,600 4.6002,000 IStump Lake ___ _.. _.. __________ 20,000 2G5,000 5,000 lli,DOO 10,000 261,000 1.8 

ANNUAL INFLOW TO DEVILS LAKE: BY DIVERSION, 180,000 ACRE-FEET AND 125,000 TONS; 

TOTAL INCLUDING NATURAL INFLOW, ROUNDED, 190,000 ACRE-}o'EET AND 130,000 TONS 


Devils Lake__________________ 130,000 1.5385,000 12,000 38,000 32. 000 293,000 
East Bay Devils Lake _______ Negligible 14,000 16,000 194,000 1.2180,000 3,000 

.()East Devils Lake____________ 11,000 2, 00098,000 1,600 4,600 SU,OOO
Stump Lake_ _ _ ___ ___________ 20,000 16,000 2G1,OOO265,000 5,000 lO,OOO 1.8 

ANNUAL INFLOW TO DEVILS LAKE: BY DIVERSION, 90,000 ACRE-FEET AND 98,000 TONS; 

TOTAL INCLUDING NATURAL INFLOW, ROUNDED, 100,000 ACRE-FEET AND 100,000 TONS 


Devils Lake__________________ 
East Bay Devils Lake _______ 
East. Devils Lake____________ 
Stump Lake ______________ . __ 

130,000 
Negligible 

11,000
20,000 

385,000 
180,000 
98.000 

265,000 

12,000 
3,000 
I, GOO 
5,000 

90,000 
35,000 
6,000 

42,000 

32, 000 I 345, 000 
lU,OOO i 21.5,000 
4, 600 I 93, 000 

10,000 287,000 

3.5 
3.0 
1.6 
4.9 

http:assum.ed
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EAST BAY DEVILS LAKE 

TABLE 15.-Sumnwry of computations for D evUs Lake and adjoining lakes of 
annual local hl.flow, net vap0i'ation, dissolved ,<;0I1:d8, and water and 1/ears reqU'ircd 
to fill 10 an altitude of 1,1,..035 f eet- Continued 

Dissolved solids 

Quantity (1,000 tons) Icon~~ntrfl tion (ppm) 

Redissolved 1 Tot,] imm'­ 'Yhen firstLake dint.elyafter while filling 
I 

I fil ledfilling lakeInflowI 10 ]ak, 
1--- - ­water while Final l F inal lSept.ember filling Prob- Prob- Prob- Prob- Prob- Prob­lakeI 1952 able able able able shit· a ble 

mini- maxi- mini- maxi- mini­ m a i· 
mllll1mum mum mum mum mum 

lII I 

ANNUAL INFLOW TO DEVILS LAKE: BY DIVERSION, 180,000 ACRE-FEET AND 195,000 TONS 

TOTAL INCLUDING NATURAL INFLOW, ROUNDED, 190,000 ACRE-I<'EET ANT) 200,000 TONS 


Devil'La.'__________ 1 ] , SOO 300 41<0 i1,4003,800200 I 500 1 2, ono 2, :300 I 
E~~ke_~~~ ___~_e_~i!~_ Negligible 850-950 4,500 i,400I, SOO I 240 1,000 

250 I SOD I]' tOOEast Devils Lake____ 730 500-S00 HiO 450 1,400 140 10,500 Iii, 000 1, 020~,OOO IStump Lake _________ j 1,600 2,000-2,800 300 1,100 3,900 D,500 :380 ,10, S()(l 15, ~)l)O I,OGU 
I 

ANNUAL INFLOW TO DEVILS LAKE: BY DIVERSION, 180,000 ACRE-FEET AND 125.onO TONS 

TOTAL INCLUDING NATURAL INFLOW, ROUNDED, 190,000 ACRE-I<'EET AND 1:30,000 TONS 


I 
Devils Lake _____ _____ 1,500 195 
East Bay

Lake 
D(wils 

N egligible 750-900 
East Devils Lake___ _ 730 450-7,50 

Stump Lake_______ __ 1,600 1,900-2,700 


I I I 
200 500 1,900 2, 200 

250 800 1,000 1,700 
150 450 1, aoo l,oon 
300 1, 100 3.800 5,400 

310 

HiO 
90 

2.50 

3,600 

4,100 
9,800 

10,500 

4'2~ 600 

6,900 I 01)0 
14,aOO 660 
15,000 690 

ANNUAL INFLOW TO DEVILS LAKE: BY DIVERSION, 90,000 ACRE-FEET AND 98,000 TONS 

TOTAL INCLUDING NATURAL INFLOW, ROUNDED, 100,000 ACRE-FEET AND 100,000 TONS 


Devils Lake __________ 1 1,500 ! :350 200 2,400 550 3,800500 12,000 4,600 I ] , 050 
East Bay Devils 

L'k'___._ ------ - -- __ I ' "Jig;b], 950-1, 100 250 800 1, 200 1,900 a20 4,900 7,800 1.290 
East Devlls Lake_ _ _ _ no 150550-850 450 1,400 2,000 180 10,500 1,360 
Stump Lake_________ 1,600 

15, 000 1
2,200-a,000 300 5.700 540 11,400 15,800 I, .~OOI, 100 \ 4, 100 

1 Final tonnages and concentrations are those at which the outflow of dissolved solids equals the inflow 
and the concentrations in the l:J.kes no longer decrease . 

EAST BAY DEVILS LAKE 

The East Bay Devils Lake is here considered to include all the lake 
area between State Route 20 south of Fort Totten Station and the 
northwest end of East Devils Lake (pI. 1). Although E a t B ay 
Devils Lake once was a large lake and had a. very long shor 'line, dur­
ing the past 20 years it has usually been a dry lakebcd, exce.pt for 
Black Tiger Bay and a few small nlarslws. In 19,50 several sqwu'U 
nliles of the lakebed were covered with shallow water fronl local in­
flow. By Nlay 1952 the only appreciable area of' water surf'ac was 
in Black Tiger Bay. 

The small alllount of information on the eoneentration and tonnages 
of dissolved solids in East Bay Devils Lake is sumnlarizecl in table 16. 

920 
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TIME AFTER BEGINNING OF DIVER510N TO DEVILS L AKE. IN YEAR5 

F IGUH),; 21.-Computed progressive decrease in concentm tions of dissolved solids in D evils L ake after 
filling to 1,425 feet. 

T A BLE 16.- -Approximate volu.m es of waler and tonnages of dissolved solid In 

East Bay D evils Lake 


lA, Young (1924); B, B abcock (1903): and C, P pc. (1909. [I. Iii)] 

Dissolved solids 
Volum of _ _________ ____ Source of 

I)a t Al t it ude (ft) wat r concentrat ion 
(acre-It) .oncantration Quantity information 

:p:,m~71 1, ::~-I--~--189~L __ ____ . ______ _ 1,424.6 174, 000 
1902_ ____ ____ ___ _ _ 1,42.5. 2 183,000 10,874 2, 690, 000 B 
1907__ _._____ __..__ __ 1,423.6 159,000 11 755 2, 520, 000 C
1919_.__ ___ __ __ _____ __ ______ __ - ___ ___ __ _ 137' 801 ___ ____ ___ A 
1920__ _____ _______ ____ __ __ _- - - - - - - _- __ _ 1 62: 929 _______ __ _ A 

1 R('~idue on evaporation a t l ~Oo C. 

The altitudes of the lake surface as given through 1907 are assumed 
to be equal to those for Devils Lake aJld ar\ apPl'oximate only . The 
channel between Devils Lake and East. BH,y Devils Lakp was probably 
effective in equalizing the water surface during those years. Also 
in 1899 and 1902 the nlixing between the two bodies of water was 
assunled to be sufficient to maintain approxinlately equal concent.ra­
tions in each. H ence, the concentrations of samples that er , takon 
presumably from nlain Devils Lake were assurned 0 equal the COll­

entrations in East Bay D evils a y In 1907 th eonc ntration of_ 

http:concent.ra
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d ist;olved olid~ in East Bay D evils Lake was found to be 11,755 ppIll 
as cOlllpared with 9,448 ppm in Devils Lake. By 1919 and 1920 the 
concentrations in East Bay Devils Lake were Inuch higher than those 
in Devils Lake. Probably after abo t 1917 the flow out of Devils 
Lake w very sruall and was entirely ' sufficient to replace the net 
losses of water from E t Bay Devils Lake. Infornlation givcn by 
Pope (1909, p. 6) indicates that outflow from Devils Lake would 
cease at an altitude of about 1,418 feet above mean sea level, datum 
of 1929. 

In 1907 about 2.5 million tons of dissolved solids was in the water 
of East Bay Devils Lake. Outflow to East Devils Lake fTom East 
Bay Devils Lake pr.obably ended about 1907. Between approximately 
1907 and 1917 some dissolved solids ust have e discharged into 
East Bay Devils Lake with the outfl w frolll Devils Lake. Available 
data thus indicate that proba Iy more than 2.5 million tons of dis­
solved solids lllust have been precipita ed from the wateT while East 
Bay Devils Lake was drying up. D -rring the l1lany y rs that it was 
nearly dry, nlllCh of the total quantity of salts lIlay have be n blown 
away with the dust from the dry lakebe . On the basis of the small 
amount of salts that were redissolved when Devils Lake rose 10 feet, 
the net tonnage of salts that will go into solution if East Bay D vil 
Lake is r ,stored to 1,425 feet is a urn d t be frorn 25 000 to 800 .0 0 
tons. 

The capacity of East Bay Devils Lake at an altitude of 1,425 feet 
is about 180,000 acre-feet (fig. 16). Perhaps an average of about 
12,000 acre-feet per year would be required to replace net evaporation 
while the bay was filling. The tinlc required to fill East Bay Devils 
Lake is 'Co111puted to be 1.2 years for an annual rate of diversion to 
Devils Lake of 180,000 acre-feet and 3.0 years for a rate of 90,000 
acre-feet. A reduction of 50 percent in rate of diversion more than 
doubles the time required to fill the bay becn,use the net evaporation 
from East Bay Devils Lake and fronl Devils Lake exce ,ds the natural 
inflow to them and the net loss is relatively independent of the rate 
of diversion to Devils Lake. 

Evaporation fronl East Bay Devils Lake at an altitude of 1,425 feet 
would be about 16,000 acre-feet per year morc than precipitation on 
the water surface. Average annual inflow from thc surrounding 
drainage area (exclusive of the area tributary to Blain Devils Lake) is 
estinlated to average 3,000 aere-feet. Net water loss fronl East Bay 
Devils Lake would thus be about 13,000 aere-feet annually. 

Estinlated tonnages of dissolved solids and eorresponding con­
centrations when the bay is first fiUed are shown in table 15. This 
table sumnlarizes the compnta,tions of quantities of water and dis­
solved solids, the eomputed dissolved-solids coneentrations, and some 

326053-50-6 
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of the assml1ptions and estimates on which tIle computations are 
based. The computed initial tonnages range from about 1 luillion 
to 1.9 million tons for the different assumptions and are changed only 
a little by the different assumed rates of diversion to Devils Lake and 
the different assunlcd concentrations in the diverted water. 
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TIME AFTER BE GINNING OF DI VERSION TO DEVILS LAKE, IN YEARS 

FlO RE 22.-Computed progressive decrease in concentrations of dissolved solids in East Bay I vfls Lake 
after filling 0 1,425 feet. 

Computed changes in concentration of dissolved solids in East 
Bay Devils Lake are shown on figure 22. Concentrations imlIlCdiately 
after the bay is filled are estilllate,d to be between a probable nlinimum 
of 4,100 ppm and a probable lllaxinlUID of 7,800 ppn'l. The concentra­
tion in East Bay Devils Lake decreases faster as the assumed con­
centration in the inflow to Devils Lake is reduced and becomes even 
1nore rapid as the assulllCd rate of diversion to Devils Lake is increased. 

EAST DEVILS LAKE 

Flow out of East Bay Devils Lake into East Devils Lake probably 
ended sonle time about 1907, The altit.ude of Devils Lake in 1907 
was about, 1,42:3,6 feet, the average of the highest and lowest observed 
altit.udes for the year. If the altit.ude of East. Devils Lake is assunled 
to have been the same as Devils Lake, the volmne of water in East 
Devils Lake would have been about 92,000 acre-fcet. Pope (1909, 
p. 7) reported a density of 1.008 (equivalent to about 13,000 ppnl) for 
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the water in East Devils Lake in 1907. For 1919 and 1920, concentra­
t.ions of dissolved solids are available, but. the altitude of the lake 
surface in those years is not known. This infornlation and additional 
data for recent years are listed in table 17. 

TABLE 17.-11pproxilnate volumes of water and tonnages of dissolved solids '/:n 

East Dem:Zs Lake 


[A, Pope (1909, p. 15); B, Young (1924); C, U. S. Geol. Survey, Lincoln, Nebr] 

1907 ____ __ ___ _ 
1919 ______ ___ _ 

Dissolved solids 

I
Source ofNumber Volume. of 1----""7"--- ·-- - - concentra­AltitudeDate of water(ft) tionsamples (acre-ft) Concentration Quantity information(ppm) (tons) 

:I~ ~~ 423. 60cI.92, OO~~ ' 
June 18, 1949__ _ 6 I 1,402. 5± 

Aug. 1, 1950___ _ 2 

Oct. 6, 195L __ _ 
 1 
l\lar. 28, 1952 __ 1 1,403.5 
May 14, 1952__ __ 2 1, 40:3. 0 
Oct. 2, 1952_____ 1 I 1, 40l. 9 

12,400 

13, 800 
10, 600 

13, 000 ± 1, 600, 000 A 
114,932 _______ __ _ 13 

41,100 693,000 C 
35 300 ____ __ ___ _ C 

1 40: 100 ____ __. __ __ C 
1 62, 000 ____ ______ C 

38,800 728,000 
1 52, tiOO 758, 000 C 

1 Residue on evaporation at 1800 c. 

The high concentration of lVlarl'h 28, 1952 1 was caused by thiek ice 
on the lake. The altitude for ~JUllC 18, 1949, is based on a eOlnparison 
of soundings for that date with soundings for IVlay 14, 1952. 

Table 17 indicates that the present quantity of dissolved solids is 
about 730,000 tOllS. This is less than half the tonnage as shown by 
the small amount of information avnilable for 1907. According to 
this table, the dissolved solius lost fronl the lake \-vater during the 
20-foot fall in lake level anlounted to about 900,000 tons. If the lake 
level were raised to 1,425 feet, the probable quantit,),,- of salts that 
might be redissolved is estimated to he frOlll 150,000 tOllS t.o 450,000 
tOllS. 

At an altitude of 1,425 feet, East Devils Lake has a capacity of 
98,000 acre-feet (fig. 17). This capacity exceeds the volume of water 
in the lake during September 1952 by about, 87,000 acre-feet. Evapo­
ration during filling would probably exceed precipitation 011 the lake 
surface and local inflow by only 1,000 to 2,000 aere-feet annually. 
The computed inflow to East Devils Lake from East Bay Devils Lake 
is 147,000 acre-feet per year for an assumed diversion to Devils Lake 
of 180,000 acre-feet and is 57,000 acre-feet per ."NU· for an assumed 
annual diversion of 90,000 acre-feet. If these allllual inflows are at 
a uniform rate, 0.6 and 1.6 years, r<:.~spe.ctively, are required to fill 
East Devils Lake to 1,425 feet. The estimated probable quantities 
of dissolved solids in the lake immediately after filling range froln 
1.:3 million to 2 million tOllS. Tue corresponding concentrations are 



70 CHEMICAL QUALITY OF SURFACE WATERS, DEVILS LAKE BASIN 

9,800 and 15,000 ppm. These initial concentrations do not vary 
significantly with the assumed changes in rates and concentrations of 
the water that is diverted into Devils Lake. Table 15 contains infor­
mation based on the assumptions and the results of cOlnputations. 
Figure 23 shows the computed changes in probable lllininlulll and 
maximum concentrations of dissolved solids in East Devils Lake for 
the assullled eOlllbinntions of rate of diversion and coneentrntion in 
the water that is diverted to Devils Lake. 

STUMP LAKE 

Although for the past several years a rondway has divided Stunlp 
Lake into east and west parts, the two lakes once formed one large 
and irregular lnke. At the present tillw (19.53) water would flow out 
of west Stump into east StUlllP Lake through three 2-foot culverts if 
the altitude of the sUTfacc of west Stump Lake reaches about 1,400 
feet. At an altitude a few feet higher, the roadway would be over­
flow·cd. If StUlllP Lake is filled to an altitude of 1,425 feet, west Stump 
and east Stulnp will join at an altitude of about 1,404 feet and will 
then fill as one lake. 

Overflow frolll East Devils Lake to StUlllP Lake ended when 
Devils Lake (and East Devils Lake which was then a bay) fell a 
little below 1,450 feet. The overfiuw ecased considerably before 1867, 
the year in which lake levels were first recorded. Since outRow frolll 
East Devils Lake ended, Stump Lake has received only local inflow 
from a drainage area of perhaps 400 square nliles. 

Little is definitely known either about the volum,es of wnter or 
about the concentrations of dissolved solids in Stunlp LfLke during 
the past years. Simpson (1912, p. 122-123, 139) reported that the 
are,a of StUlllP Lnke in 1883 was about 16 squnre Iniles and that the 
maxinlum depth ns llleasured in 1911 wns 39 feet. This maxinlum 
depth seems to be inconsistent with other information that he gives. 
However, a ma,xilnulll depth of 39 feet above the present lake bottom 
would requiTe an nltitude of water surface of about 1,418 feet. At 
this alt.itude the surface area would have been about 14 squnre miles. 
If 1,418 feet can be assumed to be approxinlntely the lake level in 
both 1911 and 1912, the volume of water would have been about 
202,000 acre-feet. (See figs. 18 and 19.) The dissolved solids 
concentration in 1912 has been given by Young (1924) as 19,000 
ppm. The indicated quantity of dissolved solids would be 5.2 
million tons. This figure lllay be far frolll correct if the sounding of 
39 feet is not an accurate maximum depth for 1911. Infornlation on 
the dissolved-solids content of the two parts of Stump Lake during 
recent years is shown ill table 18. The altitudes of the water surfaces 
Oll June 16, 1949, were estimated by cOlllparison of soundings that 
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were made then with soundings that were nlade in ~/Iay 1952. The 
lake levels are known for nlarcb 29, 1952, but ice on the lake con­
siderably reduced the vohmle of water that contained dissolved 
solids at the sampled conoentration. 

TABLE 18.-Approximate volumes of water and tonnage.s of dissolved alids in 
Sltlmp Lake 

Western Stump Lake Eastern Stump Lake Dis-
s lved 

olids 
Date sum (or 

Altitude OVf~~mteer CtrOantcl'oDn- Altitude Volume: on n- both 
(ft) "u. (ft) of watcr tration lake in 

(acre-ft) (ppm) acre-it) (ppm) 	 millions 
oC tons) 

--- - - ---1--- 1--------1------ - - - - ­

Ma 19_______ ~~~~______________ ---------- ---------- 6~',044300 1' - -,-3-S-5-.-S-±-- ---1-2-,-00--0-- 87,000Junc16_______ ___________ _______ 1,397± 6,000 1 95,100 1. 60 

1950 _ ___ __________ __________ 2.410 I________ ____________ 1 43,900J une 14_____________ ________ 
Aug. L________________________ _ ______ __________ 2,940 __________ ___ _______ 6.1,900 

ept. 26 ___________ ____ ______ ____________________ 1 3,500 __________ ________ __ 61i,200 

M ay 23___ _____ __ _________ _ __________ 4,360 I ___________ .______ 1951 ___ ___________ 	 __ 62, liOO 
Oct. 6________ ____ ______________ _________ _ __________ 5, :340 __________ ______ ____ 179,800 

195£ I I 
M ar. 29------------------------	 1, 3R6. 6 1106.000 
Oct. 2________ _____ ____________ 1,397.2 6,400 8,860 1, 3S . 3 I 13,500 196,000 1. 84 
MtlyI3_________ __ ______________ 1' 1,3981, 398... ~ ) 1----------110,000 15,00U5.390 1,387. :31 ---------16,200 - 68,000 1. 59 

I Residue on (: ap ration at 180° C. 

During recent years, the qua Lity of dissolved lids in the 2 
lakes that cOlllprise Stmnp Lake has been about 1.6 nlillion tons. 
Available information, v.rlli h may b , inaccurate, indica es that 3 
million to 4 nlillion tons of eli Iv d solids disappcflTed from the 
waters of the lake between 1912 and 1949. If th - lake is filled to 
1,425 feet, an estilnat d 300, 00 to 1,1 0,00 ton... of s H will b 
redissolved. 

The capacity of Stump L ake at an ltitud . of 1,42.5 f et ' ., n,bout 
2 5,000 acre-feet (figs. 18 nd 1 ). A t,} nd f 1 5"" the VOlUD"le 
of w tel' in the 2 separa cd lIes ~ s abou 20,000 aCl'p-f et. As the 
area of Stump Lake is 15 squd'e m iles an nltitud ·~ of 1,425 feet, the 
estinlated annual net evaporation wh full is 10, 00 acre-f t . 
Average annual inflow from Ira-ina areas directly tributar to 

tunlp Lake is estimated to br 5, 0 . ,-feet. 'Vith an nllowt n e 
for net losses from Stunlp Lake during filling, the time rquir d t.o 
fill Stump Lake is computed to be 1.8 y a I'S u.nd 4.9 )Teu.r·s. The 
shorter time is for t.he compu t d rate of utflow from East D ils 
La] e t,o Stump Lake of 144,000 acre-feet pel' year; the longer tin1C is 
for the 'onlputed rate of 54,000 acre-f , t per year. These com­
puted rates of flow into Stump LaI ) orrcspond to a umed annual 
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rates of diversi n t D viIs La1 e of 180,000 acre-feet and 90!000 
acre-feet, respectively. 

Quantities of dissolved solids in Stmnp Lak wh ,n it is first filled 
are estinlated at a probable nlininlUn1. of 3.8 nlillion to 4.1111illion tons 
and a probable nlaxinlum of 5.4 luillion to 5.7 lnillion tons. Conl­
puted concentrations of dissolved solids in StUIup Lake when first 
filled are 10,500 t,o 15,800 ppnl. The estimates aud the conlputed 
concentrations nnd tonnag s are listed in table 15. Figure 24 shows 
the conlputed decrease in concentrntions in the lake with tunc. 
The time required for the concentration in the lake to decrease to 
5,000 ppnl, which is the concentration the Fish nnll vVildlife S 'l'vice 
(written conlnlunica.tion) ha.s suggested as the probable maxinlum 
for fish life, ranges .£r01u 2 to 9 years after StWllP La.ke is filled. The 
wide range in tinlC is due to differences in the assuillptions that were 
made as the basis for the computations. The effect of rate of inflow 
to Devils Lake is one of the most significant factors that aff ct the 
time for the concentrations to decrease to any particular figure. 

DISCHARGE INTO THE SHEYENNE R.IVER 

the lak is 

during fillin 
T h .on entrat:ion of d' soh d olid in Stump L k 

allyappr a h ab t 1, to 1,500 pp ac ordinO't tll . a u 
and om utaLio s. How , the n n n . i n wh .n ov r ow rst be­
gu is Ii l~r to be 10 00 to 16,000 ppm. C (' ntrions woull 
remain hi h for several y .a ' after ov r fiow start (fig. 2 . h 
e ~ect () r the~ l' I'elat i lylarg0q u t'ti f ",at. ·r ' th high nc ntra­
tions of dissolve , lids pr hably would be hal'miu do, ns i. 'NtID ' ill 

their point 0 entry into the She enne River. 
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The amount of ater that would be required to dilute the outflow 
of Stulnp Lake to given eoncentra.tions in the Sheyenne River n 
Tolna can be readily computed. If the lakes of the Devils L ak ­
Stump Lake chain were at an alt.itude of 1,425 feet, the difference 
between average losses and average natural inflow is estinlated to be 
41,000 acre-feet per year (table 15). Thus the overflow to the Sh y­
elme River from Stunlp Lake should be about 139,000 acre-feet an­
nually for a diversion to D evils Lake of 180,000 acre-feet per year and 
49,000 acre-feet annually for a diversion of 90,000 a re-feet per year. 
These annual rates of outflow to the Sheyenne River represent av rug 
rates of flow of 192 and 68 cfs. Average flow of the Sheyenne River 
near Tolna is probably about 40 ds or 30,000 acre-fee,t per year. 
Dissolved solids in this :30,000 acre-feet of water nln.y approximat 
15,000 tons (average concentration about :370 ppIll). If the wat 
that is available for diluting the outflow of Stump Lake has the sam 
concentra.tion of dissolved solids as was assurned in the wa.ter for 
filling the lake, the approximate quantities of water needed for dilu i n 
would be as shown in table 19. These conlputed quantities of water 
during the first year of outflow from Stunlp Lake I'n,nge fronl 70,000 
acre-feet for the probable Iuininnul1 (100,000 acre-feet of inflo N" per 
year to Devils Lake and a concent.ration of 800 ppm in the dilutin~ 
water) to 1.2 lnillion a.cr -fe to for the probably 111aximUIn (190,0 
acre-feet annual inflow to Devils Lake ancl a concentration of 
ppm), An assUlned concentration of 500 ppnl rather than ppm 
decreased tJlC cOlnputecl quantit ies of diluting water by about 5 t 
25 percent for the 4 conlpu tations th at were mnde. 

These computed quan tit i of wat I' that. are req ir d for ilution 
in the Sheyenne Riv r are very I rge. (Each 1,000 aer -f t . 
equivalent to an av rag ra.t e of 1.38 ds throughout it y ar.) Obviou ly, 
th nly pr a.ctical way t o dilut th ou tHow fronl · tump L ke during 
the first few years to a l' a onably satisfactory concentration woul b 
to reduce the quantity of outflow to be diluted in any 0 e y ar. Thi 
ould be done by redu in,- th diversion to vils L l1k during the 

first y ar after \ tllmp L ak w filled . The avail a,bl l water not used 
for diversion to Devils L ak could - releas 1 do vn the h yenne 
River to help dilut the flow. If pos ible, additional water sh uid 
be Inade available for dilut'on. Otherwise, t Ie rate of dil ltion in 
Stump Lake lllight be reclue d so nlllCh that dilution of t.l ou flow 
would be necessa,ry for nlany years. 

EFFECT OF CHANGES I N ASSUMPTIONS 

In this study, m any a ruptioTIE have be ,11 made on " hi h 'u ba ' 
the conlPutations of prob able oncentl'ations a,nd tonnages of dis­
solved solids in the lak " of the De-viIs Lake chain if th ... e 1a1-.. s ar 
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filled by diversions from outside the drainage basin, The computed 
results should be understood as applicable only insofar as the as­
sun1ptions luay be good approximations of the actual quantities and 
hydrologic processes when and if the lakes are filled, 

The assun1ed probable nlinimnn1 and maximuIll quantities of . alts 
that will be redissolved while the lakes are filling is one of the lea t 
certain estinlates or assumptions. Initial concentrations in the lakes, 
that is, the concentrations inulledia.tely after the lakes are filled) would 
depend largely on the anlOunt of salts that are redissolved as the lakes 
rise. In contrast, the final coneentrations and tonnages in the lakes 
after years of diversion to Devils Lake at S01118 constant rate would 
depend principally on the concentration of dissolved solids in th 
diverted water ancl on the relative quantity of diversion as eompared 
to net losses from the lakes. At an annual rate of diversion of 1 0,000 
acre-feet to Devils Lake, the final eoncentrations in the lake are about 
proportional to and not mueh greater than the eoncent,rations of 
dissolved solids in the diverted flow to Devils Lake. At half this ra t 
of diversion, the final eoncentration would not be greatly increased in 
Devils Lake, but the final conecntration in Stump Lake 'would be 
increased by 40 percent. (See table 15.) 

A decrease from 800 to-OO ppIll in the asslllled concentration of 
dissolved solids in the water that is used to fill the lakes incre es th 
rate of dilution only a little. A decrease from 180,000 to 90,000 c 'e­
feet per year in the rate of diversion to Devils Lake n10re than d ubI 
the time required for the concentration in the lakes to d r e by 
any given pereentage. 

Ina CUl'a ie in the estinlated net losses frolll the fill ·d lake \ ould 
have Ii t pff .ct, on the cOlllputed on entr. , ions in the lal fo ' high 
rates of diveTsion to Devils Lake. The in curacies w'ollid ave a 
rapi lly increasing effeet on tlu:. computed ', n ntr tions a th 
it ~ Un1 ) rate of diversion is deere ed and t,h 1 
1 rger larger fractions of the diversion. 

Compu uti llS were made for only one a.s urn , 1 !Lit c to w i h 
t.h lakes mId be £111('(1 and nlaintain 1. l'obabJy, t ll ton a.g 
salts that "\ ould r ...d' olve would not be de re dH1U h if t e Iak 8 

were restored to a l evel lower than 1,425 f nor nUlCh iner a ed 
by l' tors io to a higher level. The redi sol l alts plus 11 t n­
nage of di solved solids nO\v in the lakes ar mn·11 larcr l' qu titi s 
th n the dissolved solids in tho eli erted water t at wo d b , u ed t 
fill the lakes. H enee the initial C'oncentra ti ns would e gr at r in 

ch 1 Ire for a level of filling lower than, th assum d alti1,ude of 1,42 
feet. Th rnte of dilution in each lake for tl given rate of <Ii. rsion to 
Devils Lake would be sonlewhat faster f l' the lower aJtit,ude and 
smaller eapacities. The total quantity of dissolved solids to b flu hed 
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away by the Sheyenne River proba.bly would be only a little smaller 
if the lakes were restored to lower levels, but for a given tot.al water 
supply slightly more water would be available for flushing. 

POLLUTION PROBLEl\iS OF LAKE RESTORA'"l'ION 

A report issued by the United States Public Health Service (1952, 
map opposite p. 38) shows that the city of Devils Lake is a Inajor 
source of pollution. Untreated sewage discharged into Devils Lake 
by the city iI1troduces a pollution probleIn in lake restoration. A 
uniform and adequate inflow of fresh water to the lake would be 
necessary to offset the oxygen requirements of organic material in 
the lake. A sarp.ple of bed sediment collected in Creel Bay contained 
0.52 percent of organic nitrogen and thus indicates pollution of the 
lake. 

The effects of initial discharges of polluted, brackish waters on 
downstream developments are not fully known. Certainly there will 
be some adverse effects on fish life in the Sheyenne River. If the 
lakes are restored, periodic checks of the quality of the water in the 
lower Sheyenne River would be necessary. 
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